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Problem Statement:

Utilizing provided characterization data from references, determine the required treatment necessary to
allow the liquid phase of tank waste to be shipped and disposed of at Envirocare of Utah, Inc. Compare
known constituent concentrations from the liquid phase of each V-Tank waste with applicable land
disposal restrictions treatment standards and Envirocare’s Radioactive Materials License.

Method of Solution:

A review of existing chemical data for the liquid phase (and solid phase) of each V-Tank was performed
and highest constituent concentrations were input into Excel 2000 tables (Calculation # ABQ03-HP003-
RAD). A preliminary liquid waste determination and summary is provided as referenced herein, and
applicable regulatory limits as well as wastewater and non-wastewater LDR treatment standards were
also entered into these tables. A review of existing radiological data for the liquid phase of each tank was
performed. Based on the radionuclides detected in the waste, a comparison table was created between
the activity detected for each radionuclide and the average concentration per container allowed at
Envirocare based on their Radioactive Materials License.

Assumptions:

1. The contents of each tank will eventually be separated into liquid and sludge/solid phases and each
phase will be managed separately based on highest constituent concentrations present in that phase
of the waste.

2. Dilution of the tank waste will not occur during phase separation.

3. The wastewater determination for the liquid phase of each tank may change after the waste is
removed based on total organic concentration as weli as total suspended solids concentration.

4. This review does not evaluate the V-Tank waste for compliance with DOT or determine the
radionuclide concentration estimated per DOT container.

5. This review does not include a determination of whether the waste is classified as a Class A,BorC
waste.

6. This review does not include a determination of applying the sum of fractions rule for waste
containing more than one radionuclide.

7. This review does not include a determination of whether the waste is considered special nuclear
material as defined in the Utah Administrative Code R313-12-3.

8. With regards to the characterization data, when constituents were not detected and the detection limit
was below the applicable LDR treatment standard or Envirocare’s Radioactive Material’s license, it
was assumed that the constituent was not present in the waste and was not evaluated for purposes
of compliance with RCRA, TSCA requirements, or with Envirocare’s WAC.

9. With regards to the characterization data, the highest reported concentration for the waste reviewed
was included in the summary tables for comparison against regulatory limits, LDR treatment
standards and average radionuclide concentration per container.

10. With regards to the chemical and radiological characterization data, it was assumed that only those
constituents analyzed are considered contaminants of concern for this waste.

11. With regards to the chemical characterization data, when a constituent was not detected and the
detection limit exceeded either the regulatory limit or the LDR treatment standard limit, it was
assumed that those constituents could still be present and were assigned a D code or included as
underlying hazardous constituents (UHCs) requiring treatment.
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12. It is recognized that additional organic constituents may be present below the detection limit, and this
has been accounted for in the factor of safety applied to the design of the carbon absorption system.

13. With regards to the chemical characterization data, it was assumed that the presence of
Trichloroethene is considered an F0O1 listed waste for all the V-Tank waste based on historical
information. Trichloroethene is also considered the only listed hazardous constituent associated with
the V-Tank waste.

14. With regards to the chemical and radiological characterization data, all reported analytical results
were representative of each phase of V-Tank waste.

15. PCBs are not an issue for the liquid phase of the V-Tank waste and will not be considered for
purposes of shipping this waste to Envirocare.

Sources of Formulas and References:

1. Wastewater definition: Wastes that contain less than 1% by weight total organic carbon (TOC) and
less than 1% by weight total suspended solids (TSS). Reference: RCRA Regulations and Keyword
Index, 2000 Edition, Chapter 8, “40 CFR Part 268: Land Disposal Restrictions”, specifically, 40 CFR
268.2 (f).

Characterization Data From:

Comprehensive Remedial Investigation/Feasibility Study (RI/FS) for Test Area North Operable Unit 1-10
at INEEL, DOE/ID-10557, November 1997, Dept. of Energy/ldaho Operations Office, Idaho Falls, ID.

Waste Acceptance From:

Waste Acceptance Guidelines of Envirocare of Utah, Inc., 46 West Broadway, Suite 116, Salt Lake City,
Utah 84101; September 30, 1999.

Agreement-State Radioactive Material License, License #UT 2300249, amendment #11, issued by the
Utah Division of Radiation Control (DRC).

Calculation:

Refer to Calculation number ABQ0O3-HP003-RAD Excel tables labeled “INEEL V-Tank Number VOC (or
SVOC, Inorganic, Miscellaneous or PCB) Analysis on either Solid or Liquid Phase.”

Discussion:

Ultimately, the management and eventual treatment and disposal of waste associated with the removal of
the V-Tanks, will be based on the characterization of the V-Tank waste. A preliminary chemical
characterization of the V-Tank waste was performed based on the separation of waste phases. A
summary of the results are reported below:

Tank Chemical Constituents Requiring Treatment
V-1 Tetrachloroethane, Trichloroethene, Mercury, Lead, and UHCs.
V-2 Trichloroethene and UHCs
V-3 Trichloroethene and UHCs
V-9 Methylene chloride,1,1,1-Trichloroethane, Trichloroethene, several SVOCs,
Cadmium, Mercury, Lead, Nickel, and UHCs.
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Table 5 in Attachment 1 lists the SVOC analytical results for each of the tanks and the LDR treatment
standards for each SVOC.

Additional radiological sampling and analysis may also be required after on-site treatment. Therefore,
this characterization is based on preliminary information.

Summary

The existing analytical data associated with the liquid waste from each tank was reviewed and a
preliminary hazardous waste determination was developed as well as a list of detected radionuclides
associated with the waste. Based on this review, the waste was compared to Envirocare’s WAC.
Primarily, the waste must be treated to meet the RCRA land disposal restrictions (LDR) concentration-
based treatment standards for all applicable chemical constituents, and then stabilized prior to shipment
and eventual disposal at Envirocare. Based on the present data no treatment for radionuclides wiil be
required.

Conclusions and Recommendations:

1. Determine the activity of the liquid phase of the waste after on-site filtering and carbon absorption of
the liquid phase of each tank waste to ensure compliance with Envirocare’s WAC. Perform additional
sampling and analysis if necessary.

2. Ensure waste was treated to meet applicable LDR requirements prior to stabilization and shipment to
Envirocare.

3. Stabilize the liquid waste in a manner that minimizes volume increase as well as acceptabie to
Envirocare to manage as stabilized material.

Computer Source:

Compaq DeskPro with Microsoft Windows NT operating system and Office 2000 software.
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ATTACHMENT 1~ REQUIRED TREATMENT TO ALLOW WATER TO BE SHIPPED ||
TO ENVIROCARE ‘
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Required Treatment to Allow Water To Be Shipped to Envirocare
Based on Envirocare’s Waste Acceptance Criteria (WAC) dated September 30, 1999:

e Envirocare is prohibited from accepting:
- Radioactive waste classified as Class B or Class C waste
- Radioactive waste in excess of the concentration limits per container for each
radionuclide listed in its Radioactive Materials License.
- Special Nuclear Material outside the limits of their SNM exemption certification.
- Liquid radioactive waste
- Solid radioactive waste containing free liquids
- Bulk liquid wastes, non-aqueous liquids, or wastes with an organic liquid phase

6 of 16

e Envirocare’s Radioactive Material License authorizes the receipt of radioactive waste in the

form of soil or debris only.

e Envirocare can accept mixed waste for treatment using chemical stabilization (STABL),
chemical oxidation (CHOXD), chemical reduction (CHRED), chemical deactivation

(DEACT), neutralization (NEUTR), macroencapsulation (MACRO), and microencapsulation

(MICRO).

e Radioactive mixed waste must meet the applicable land disposal restrictions or must be
treated (using any of the specified methods listed above) prior to disposal on-site.

e For chemical fixation treatments, the waste must:
- Must meet Envirocare’s Radioactive Material License and RCRA Part B Permit.
- Waste must be at or shreddable to a particle size of 3/8 inch.
- Waste must not be subject to any other technology-based treatment standard.

- Process is best for soils, sludges, and shreddable waste with little or no organics (<100

ppm).
e Envirocare requires third-party certified laboratory results prior to the approval of a waste
stream and each laboratory must be Utah Certified for each method used to evaluate the

waste stream.

Based on the above conditions, the water must be treated to meet the land disposal restrictions

for each hazardous constituent present in the waste and the waste must be in a solid form prior to

shipment to Envirocare. Therefore, the liquid waste must meet all applicable land disposal
treatment standards prior to shipment and disposal at Envirocare.

Chemical Characterization

The following tables are for each chemical constituent associated with the liquid (water) phase of

each tanks waste and the associated LDR treatment standard required by Envirocare’s WAC,
determined through the preliminary chemical characterization review based on existing
analytical data provided by INEEL.
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Note: The liquid phase of each tanks waste is considered a wastewater for purposes of
complying with the land disposal restrictions, in that the liquid contains < 1% total organic
carbon (TOC) and < 1% total suspended solids (TSS). The preliminary characterization was
based on this assumption. If after removal of the waste from each tank, either the TOC or TSS
exceed 1%, the waste must comply with the non-wastewater treatment standards also listed
below.

Table 1. Tank V-1, Preliminary Liquid Phase Constituents Requiring Treatment
Constituent Concentration LDR Wastewater LDR Non-wastewater
(Waste Code) Detected in Waste Treatment Standard Treatment Standard
(mg/L) (ng/L) (mg/kg)
Antimony 1.9 (assumed) 1.9 1.15 mg/L
Lead (UHC) 0.84 0.69 0.75 mg/L
Mercury (D009) 0.369 0.15 and meet §268.48 0.025 mg/L and meet
standards' §268.48 standards’
Chloromethane 0.19 (assumed) 0.19 30
Hexachlorobenzene ND @ | 0.055 10
Hexachlorobutadiene ND @ 1 0.055 5.6
Tetrachloroethene 0.14" 0.056 6.0
(UHC)
Trichloroethene 0.16' 0.054 6.0
(FOO01)
UHC:s (various) See Table 5 for concentrations detected in Tank V-1 and applicable
treatment standards.
Additional process knowledge or re-analysis is required to determine if antimony, chloromethane
and a majority of the SVOCs are considered underlying hazardous constituents (§ 268.48 standards)
requiring treatment.

! «8268.48 identifies universal treatment standards (UTS) for underlying hazardous constituents (UHCs) reasonably
expected to be present at the point of generation at a concentration above the constituent-specific UTS treatment standards.
For the liquid phase of Tank V-1, compliance with this standard has resulted in the identification of lead, antimony,
chloromethane, tetrachloroethene and several SVOCs as UHCs, which are present at concentrations above the constituent-
specific UTS treatment standard.

J Estimated value

E = Exceeded calibration limit for instrument
R = Result rejected during validation and unusable
ND = Not Detected
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Table 2. Tank V-2, Preliminary Liquid Phase Constituents Requiring Treatment

Constituent Concentration LDR Wastewater LDR Non-wastewater
(Waste Code) Detected in Waste Treatment Standard Treatment Standard
(mg/L) (mg/L) (mg/kg)
2,4-Dinitrotoluene ND @ 1 0.32 140
Hexachlorobenzene ND @1 0.055 10
Hexachlorobutadiene ND @ 1 0.055 5.6
Trans-1,2- 0.37%’ 0.054 30
Dichloroethene
Trichloroethene 0357 0.054 6.0
(FOO1)
UHC:s (various) See Table 5 for concentrations detected in Tank V-2 and applicable
treatment standards.
} = Estimated value
E = Exceeded calibration limit for instrument
R = Result rejected during validation and unusable
ND = Not Detected

Table 3. Tank V-3, Preliminary Liquid Phase Constituents Requiring Treatment
Constituent Concentration LDR Wastewater LDR Non-wastewater
(Waste Code) Detected in Waste Treatment Standard Treatment Standard
(mg/L) (mg/L) (mg/kg)
Chloromethane 0.01% 0.19 30
2,4-Dinitrotoluene ND @ 1 0.32 140
Hexachlorobenzene ND @1 0.055 10
Hexachlorobutadiene ND @1 0.055 5.6
Trichloroethene 0.2 0.054 6.0
(FOO01)
UHCs (various) See Table 5 for concentrations detected in Tank V-3 and applicable
treatment standards.

Estimated value

J

E
R
ND = Not Detected

Exceeded calibration limit for instrument
Result rejected during validation and unusable

Table 4. Tank V-9, Preliminary Liquid Phase Constituents Requiring Treatment
Constituent Concentration LDR Wastewater LDR Non-wastewater
(Waste Code) Detected in Waste | Treatment Standard Treatment Standard

(mg/L) (mg/L) (mg/kg)

Cadmium (D006) 1.9 0.69 0.11 mg/LL. TCLP and
meets 40 CFR 268.48

standards’

Lead (D008) 0.942 0.69 0.75 mg/L TCLP

Mercury (D009) 0.563 0.15 and meets §268.48 | 0.025 mg/L TCLP and
standards’ meets 40 CFR 268.48

standards’
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Table 4. Tank V-9, Preliminary Liquid Phase Constituents Requiring Treatment

Constituent Concentration LDR Wastewater LDR Non-wastewater
(Waste Code) Detected in Waste | Treatment Standard Treatment Standard
(mg/L) (mg/L) (mg/kg)
Nickel (UHC) 13.8 3.98 11 mg/L TCLP
Benzene (DO18) ND @ 17 0.14 10 and meets 268.48
standards'
Chloroform (D022) ND @ 10 0.046 6 and meets §268.48
standards’
1,2-Dichloroethane ND @ 25 0.21 6 and meets §268.48
(D028) standards’
1,1-Dichloroethene ND @ 11 0.025 6 and meets §268.48
(D029) standards'
3,3 Dichlorobenzidene ND @ 0.66 0.055 8.2
(Dibenz (a,h)
anthracene (UHC)
2,4-Dimethylphenol 0.079 0.036 14
(UHO)
Indeno (1,2,3-cd) ND @ 0.036 0.0055 3.4
pyrene (UHC)
Methylene Chloride 590" 0.089 30
(UHC)
2-Methylphenol (o- 0.83F 0.11 5.6
creosol) (UHC)
4-Methylphenol (p- 0.83F 0.77 5.6
creosol) (UHC)
Phenol (UHC) 0.1° 0.039 6.2
Tetrachloroethene ND @ 17 0.056 6
(D039)
1,1,1-Trichloroethane 58/ 0.054 6.0
(UHC)
Trichloroethene 410 0.054 6.0
(FO01)

Additional process knowledge or re-analysis is required to determine if a majority of the VOCs are

considered underlying hazardous constituents (UHCs) requiring treatment.

! «§268-48 identifies universal treatment standards (UTS) for underlying hazardous constituents (UHCs) reasonably

expected to be present at the point of generation at a concentration above the constituent-specific UTS treatment standards.
For the liquid phase of Tank V-9, compliance with this standard has resulted in the identification of lead, nickel, VOCs and
SVOCs as UHCs which are present at concentrations above the constituent-specific UTS treatment standard.”

J = Estimated value
E =

R =

ND = Not Detected

Exceeded calibration limit for instrument
Result rejected during validation and unusable
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Table 5. SVOC Concentrations and Treatment Standards for Liquids in Tanks V-1, V-2, V-3, and V-9.
Concentration (mg/L) LDR Treatment LDR Treatment
Standard for Standard for Non-
Constituent V-1 V-2 V-3 V-9 | Wastewater (mg/L) | wastewater (mg/kg)
Acenaphthene v luw | v |uoos 0.059 3.4
Acenaphthylene vy luw | v |uoom 0.059 3.4
Anthracene uw lua | uw |u©o0s) 0.059 3.4
Benzo (a) anthracene U(l) 4o | U(l) U (0.008) 0.059 34
Benzo (a) pyrene U(1) |U(0.001) 0.061 3.4
Benzo (b) fluoranthene 1 ua) |u©0.007) 0.11 6.8
Benzo (g,h,I) perylene 1 vy |u 003 0.0055 1.8
Benzo (k) fluoranthene L v [U©0.006) 0.11 6.8
Butylbenzylphthalate | U (0.008) 0.017 28
Bis (2- .
chloroethoxy)methane 1):- [ U (0.008) 0.036 7.2
Bis (2-chloroethyl)ether ‘1)1 U (0.007) 0.033 6
Bis (2-chloroisopropyl)
ether [ =1 U (0.006) 0.055 7.2
Bis (2-ethylhexyl) phthalate} '0.0833 | 023 | 013 | 0038 0.28 28
4-Bromophenyl-phenylether] U1 | vy | v |u©.007) 0.055 15
Chrysene uw luay | vy |uwooos) 0.059 3.4
4-Chloroaniline (p- e e e
chloroaniline) v v o |uon 0.46 16
4-Chloro-3-Methylphenol : ; A
(p-chloro-m-cresol) u) U U (1) U (0.008) 0.018 14
2-Chloronaphthalene U - u) | U (1) -1 U (0.010) 0.055 5.6
2-Chlorophenol U . U [ Uy 1U(0.006) 0.044 5.7
Dibenz(a,h)anthracene U (1y -} U U ) U (0.005) 0.055 82
1,2-Dichlorobenzene (o- ) v
dichlorobenzene) U U U (D) 0.210E 0.088 6
1,3-Dichlorobenzene (m-
dichlorobenzene) uQ) u) U 1) U (0.006) 0.036 6
1.4-Dichlorobenzene (p-
dichlorobenzene) U ) U u(n 0.049 0.09 6
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Table 5. SVOC Concentrations and Treatment Standards for Liquids in Tanks V-1, V-2, V-3, and V-9.
Concentration (mg/L) LDR Treatment LDR Treatment
Standard for Standard for Non-
Constituent V-1 V-2 V-3 V-9 | Wastewater (mg/L) | wastewater (mg/kg) |
3,3-Dichlorobenzidine , A
(Dibenz (a,h) anthracene) U UM U@y (U0.066) 0.055 8.2
2 4-Dichlorophenol um | u@ ! vw |uooos) 0.044 14
Diethylphthalate v luw | va |uo.o0s) 0.2 28
2 4-Dimethylphenol um fu@ 0.079 0.036 14
Dimethylphthalate uw | U (0.007) 0.047 28
Di-n-butylphthalate +1U (0.003) 0.057 28
Di-n-octylphthalate 0.006J 0.017 28
2,4-Dinitrophenol U s) & |u o 0.12 160
2,4-Dinitrotoluene =1 U (0.010) 0.32 140
2,6-Dinitrotoluene U (0.008) 0.55 28
Fluoranthene U 11U (0.008) 0.068 34
Fluorene : ) (1) | U (0.005) 0.059 34
Hexachlorobenzene v |l uw | v |ueom 0.055 10
Hexachlorobutadiene R AR E ',; ,
{(Hexachloro-1,3-butadiene |- U (1) | ' U-)-| U.) |U (0.010) 0.055 5.6
Hexachlorocyclopentadiene | - U(l) u(1) 1 U”(yl) ; U (0.013) 0.057 2.4
Hexachloroethane v |ovw !l vw |uw©oos 0.055 30
Indeno (1.2.3-cd) pyrene |- U@ | U | vy (U 0.036) 0.0055 3.4
2-Methylphenol (o-cresol) U () u()- U'(l)E 0.830 E 0.11 5.6
4-Methylphenol (p-cresol) | U(1) | U@ | U@) | 0830 E 0.77 5.6
Naphthalene U@y o U (1) {U(0.008) 0.059 5.6
2-Nitroaniline (o-
nitroaniline) U5 U(s) U (5) U (0.006) 0.27 14
4-Nitroaniline (p-
nitroaniline) U (5) U (5) U((5) |U(0.004) 0.028 28
Nitrobenzene U U (1) U () |[U(0.009) 0.068 14
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Table 5. SVOC Concentrations and Treatment Standards for Liquids in Tanks V-1, V-2, V-3, and V-9.
Concentration (mg/L) LDR Treatment LDR Treatment
Standard for Standard for Non-
Constituent V-1 V-2 V-3 V-9 | Wastewater (mg/L) | wastewater (mg/kg) |
2-Nitrophenol (o- '
nitrophenol) U | U | Ud) {U(©.007) 0.028 13
4-Nitrophenol (p- .
nitrophenol) UG ~|-U(s) U(5) 0.037 0.12 29
N-nitroso-dimethylamine --- UQ) --- U (0.011) 0.4 2.3
N-nitroso-di-n-propylamine . E
(Di-n-propylnitrosamine) Uy Uy u)y-1U©0.013) 0.4 14
N-nitrosodiphenylamine N B S
(Diphenylnitrosamine) U0 | U 1U(0.010) 0.92 13
Pentachlorophenol ey Lue) | uey |uweons 0.089 74
Phenanthrene v | vw |u o006 0.059 5.6
Phenol 1 v | 0100E 0.039 6.2
Pyrene 1) | 00631 |U (0.012) 0.067 8.2
Pyridine o U(”l)’*' U (0.010) 0.014 16
1,2,4-Trichlorobenzene u@ U oo 0.055 19
2,4,5-Trichorophenol | 'UG) | UG | UG |U0.017) 0.18 7.4
2,4,6-Trichlorophenol | U (1) U I v |uwolo 0.035 7.4

Notes:

1. Shaded boxes indicate UHCs where the detection limit is above the treatment standard and where the value recorded
was below detection limits.

2. SVOCs without applicable treatment standards were not included in this table.

U = Not Detected (detection limit in parenthesis)
J = Estimated Value
E = Concentration exceeded the calibration range of the instrument

Radiological Characterization
The following tables identify only those radionuclides detected in the liquid phase of the waste

from each tank, compared to the radionuclide limits as defined in Envirocare’s Radioactive
Material License, Amendment # 11, which expires on October 22, 2003.
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Tank V-1, Preliminary Liquid Phase Radioactive Material
Radionuclide Activity Detected Envirocare Waste
(pCi/L)* Acceptance Criteria
(Average Concentration per
Container)
(pCi/kg)
U-233/234 1.89E+04 +643 7.5E+07/3.7E+08
U-235 5.66E+02 +21.8 1.9E+06”
U-238 2.1E+02 +8.91 3.3E+08°
Pu-238 2.24E+02 + 10.5 1.0E+07
Pu-239/240 1.05E+02 + 6.64 1.0E+07/1.0E+07
Am-241 1.97E+02 +9.21 1.0E+07
Cm-242 U (8.61) 2.0E+09
Cm-243/244 6.42E+01 +4.72 1.0E+07/1.0E+07
Np-237 U (26.7) 1.0E+07°
Sr-90 2.03E+06 + 9010 2.5B+07"
Ag-108m U (776) 5.0E+07*
Ag-110m U (1270) 4.4E+11°
Am-241" U (1350) 1.0E+07
Ce-144 U (7530) 4.4E+11°
Co-58 U (2160) 44E+11
Co-60 1.55E+04 + 848 3.0E+07
Cs-134 U (734) 4.4E+11
Cs-137 2.9E+06 + 134000 6.0E+07"
Eu-152 U (4860) 2.0E+07
Eu-154 U (1660) 3.0E+07
Eu-155 U (2420) 4.4E+11
Mn-54 U (755) 4 4E+11
Nb-95 U (2400) NA
Ra-226 U (1260) 1.0E+07*
Ru-103 U (12900) 5.0E+05
Ru-106 U (9430) 4 4E+11°
Sb-125 U (3870) 4.4E+11°
U-235" U (1340) 1.9E+06>
Zn-65 U (1730) 4.4E+11
Zr-95 U (4300) 4.4E+11
I-129 U (252) 3.1E+06
H-3 3.04E+07 + 3160000 2.5E+10
Ni-63 2.88E+05 +20700 2.2E+09

U = Not detected, detection limit given in parenthesis.

! Analysis by gamma spectroscopy

2 Decay products are assumed to be present in concentrations equal to the parent.

* Short-lived decay products of U-238 (Th-234, Pa-234m and Pa-234); Np-237 (Pa-233); and Plutonium 244
(U-240, Np-240m, and Np-240) are assumed to be present in concentrations equal to the parent.

*[t is assumed that the density of the liquid phase is close to the density of water and pCi/L is equivalent to
pCi/kg.
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Tank V-2, Preliminary Liquid Phase Radioactive Material

Radionuclide Activity Detected Envirocare Waste
(pCi/L)* Acceptance Criteria
(Average Concentration per
Container)

(pCi/kg)

U-233/234 3.86E+04 + 1300 7.5E+07/3.7E+08
U-235 1.6E+03 + 56.2 1.9E+06°
U-238 4.99E+02 +17.6 3.3E+08°
Pu-238 4.75E+02 + 17.3 1.0E+07

Pu-239/240 2.83E+02 + 12 1.0E+07/1.0E+07
Am-241 5.89E+01 + 4.88 1.0E+07
Cm-242 U (4.96) 2.0E+09

Cm-243/244 1.62E+01 +2.48 1.0E+07/1.0E+07
Np-237 U (27.6) 1.0E+07°
Sr-90 4.9E+06 + 17400 2.5B+07"
Ag-108m U (3960) 5.0E+07°
Ag-110m U (7120) 44E+11°
Am-241" U (15900) 1.0E+07
Ce-144 U (37800) 4.4E+11°
Co-58 U (1600) 44E+11
Co-60 1.3E+04 + 799 3.0E+07
Cs-134 U (764) 44E+11
Cs-137 1.35E+07 + 617000 6.0E+07°
Eu-152 U (4760) 2.0E+07
Eu-154 U (1820) 3.0E+07
Eu-155 U (14400) 44E+11
Mn-54 U (716) 44E+11

Nb-95 U (1960) NA

Ra-226 U (4100) 1.0E+07°
Ru-103 U (36000) 5.0E+05
Ru-106 U (46200) 4.4E+11°
Sb-125 U (18400) 44E+11°
U-235" U (6450) 1.9E+06°
Zn-65 U (1700) 44E+11
Zr-95 U (3210) 44E+11
I-129 U (169) 3.1E+06
H-3 1.02E+08 +1.07E+07 2.5E+10
Ni-63 4.48E+05 + 32300 2.2E+09

U
1
2
3

CAWINNTA

= Not detected, detection limit given in parenthesis.

Analysis by gamma spectroscopy

Decay products are assumed to be present in concentrations equal to the parent.
Short-lived decay products of U-238 (Th-234, Pa-234m and Pa-234); Np-237 (Pa-233); and Plutonium 244
(U-240, Np-240m, and Np-240) are assumed to be present in concentrations equal to the parent.

*It is assumed that the density of the liquid phase is close to the density of water and pCi/L is equivalent to
pCi/kg.

Profiles\rodrig1\Desktop\ABQO04-HP004-RAD_10-23.doc
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Tank V-3, Preliminary Liquid Phase Radioactive Material
Radionuclide Activity Detected Envirocare Waste
(pCi/L)* Acceptance Criteria
(Average Concentration per
Container)

(pCi/kg)

U-233/234 1.33E+04 + 443 7.5E+07/3.7E+08
U-235 401E+02 + 15.2 1.9E+06”
U-238 1.35E+02 + 5.97 3 3E+08’
Pu-238 3.83E+01 + 3.35 1.0E+07

Pu-239/240 1.97E+01 + 2.36 1.0E+07/1.0E+07
Am-241 3.18E+01 + 3.16 1.0E+07
Cm-242 U (6.18) 2.0E+09

Cm-243/244 U (6.28) 1.0E+07/1.0E+07
Np-237 U (36.4) 1.0E+07°
Sr-90 1.23E+07 + 21900 2.5E+07°
Ag-108m U (343) 5.0E+07°
Ag-110m U (906) 44E+11
Am-241" U (1780) 1.0E+07
Ce-144 U (3000) 44E+11°
Co-58 U (284) 4.4E+11
Co-60 1.48E+04 + 829 3.0E+07
Cs-134 4.49E+02 + 52.7 4.4E+11
Cs-137 4.23E+06 + 195000 6.0E+07°
Eu-152 U (693) 2.0E+07
Eu-154 U (213) 3.0E+07
Eu-155 U (1170) 4.4E+11
Mn-54 U (106) 4.4E+11

Nb-95 U (319) NA

Ra-226 U (332) 1.0E+07°
Ru-103 U (5640) 5.0E+05
Ru-106 U (4080) 44E+11°
Sb-125 U (1900) 4.4E+11°
U-235! U (533) 1.9E+06°
Zn-65 U (237) 44E+11
Zr-95 U (549) 44E+11
1-129 U (108) 3.1E+06
H-3 6.09E+06 + 633000 2.5E+10
Ni-63 2.05E+05 +14800 2.2E+09

Analysis by gamma spectroscopy

U = Not detected, detection limit given in parenthesis.
1
2
3

Decay products are assumed to be present in concentrations equal to the parent.

Short-lived decay products of U-238 (Th-234, Pa-234m and Pa-234); Np-237 (Pa-233); and Plutonium 244
(U-240, Np-240m, and Np-240) are assumed to be present in concentrations equal to the parent.
*Tt is assumed that the density of the liquid phase is close to the density of water and pCi/L is equivalent to

pCi/kg.
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Tank V-9, Preliminary Liquid Phase Radioactive Material
Radionuclide Activity Detected Envirocare Waste
(pCi/L)* Acceptance Criteria
(Average Concentration per
Container)
(pCi/kg)
U-233! 1.24E+04 7.5E+07
U-234! 2.11E+05 3.7E+08
U-235" 6.9E+03 1.9E+06°
U-236' 3.26E+03 3.8E+08
U-238! 9.72E+02 3.3E+08°
Pu-238 1.7E+05 + 12900 1.0E+07
Pu-239/240 4.53E+04 + 3690 1.0E+07/1.0E+07
Am-241 4.02E+04 + 2500 1.0E+07
H-3 3.53E+08 + 180000 2.5E+10
Cm-244 5.21E+03 + 390 1.0E+07/1.0E+07

Np-237 2.0E+02 + 36 1.0E+07°

Total Sr 4.9E+06 + 17400 Each isotope separated
Co-60 1.18E+03 + 59.4 3.0E+07
Cs-137 4.2E+05 + 162000 6.0E+07>
Eu-152 5.66E+02 + 37 2.0E+07
Eu-154 2.72E+02 + 22.8 3.0E+07

' Analysis by inductively coupled plasma mass spectroscopy.

Decay products are assumed to be present in concentrations equal to the parent.
? Short-lived decay products of U-238 (Th-234, Pa-234m and Pa-234); Np-237 (Pa-233); and Plutonium 244
(U-240, Np-240m, and Np-240) are assumed to be present in concentrations equal to the parent.

*It is assumed that the density of the liquid phase is close to the density of water and pCi/L is equivalent to
pCi/kg.

Note: For waste containing more than one radionuclide, the waste must be classified by applying the sum of
fractions rule as described in Envirocare’s WAC. In addition, if this waste is expected to contain special

nuclear material (SNM), additional limits and conditions will apply to this waste, which have not been
discussed below.
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Problem Statement:

Determine loading stress required to be resisted by shoring.

Method of Solution:

1. Determine soil type

2. Determine angle of friction

3. Determine the soil pressure on shoring or trench box
4. Determine distribution of soil pressure.

Assumptions:

1. Soil type is the same throughout the site.
2. Information provided by INEEL is correct.

Sources of Formulas and References:
Geotech Soils Report, WAG 1 TSF-09/18

Soil Mechanics
NAVFAC DM-7-1
May 1882
Pg7.1-147

Soil Mechanics

NAVFAC DM-7-1 DM 7-2
March 1971 May 1982
Pg7-9-2 Pg 7.2-62

Calculation:

See attached.

Shoring Available with Existing Stresses:

Based on existing stresses and per Speed Shore’s manufacturer’s tabulated data for double-wall trench shield,
model TS-1024-DW8 has a 24 foot length, a shield capacity of 1,100 psf, which is above the required
calculated stress of 671 psf, and is allowable for up to 22 feet of depth for type C(60) soils. Two 10-foot deep
shields can be stacked to a total depth of 20 feet, which is adequate for the expected excavation of 20 feet.
Two TS-1024-DW8s will accommodate a 48-foot fong excavation length. Reinforced steel plates can be
welded to ends of shields to provide total enclosure of excavation.

Speed Shore trench shields are designed and certified by Registered Professional Engineers, are made of
steel construction, can be customized to accommodate the V-tank site conditions and are commercially
available. Speed Shore trench shields or a similar product are recommended for this application.

Summary of Results:

Soil function angle = 32 degrees
Soil Cohesion =0

Soil Type = SW-SP

Stress on shoring = 671 psf

Q:\WP\INEEL Draft Final\Calculations Draft Final\ABQO05-CE0CG1-RAD\ABQ-05 CE001 9-27-01.doc
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COHESIVE SOIL,NO
GRANULAR SOIL FRICTIONAL RESISTANCE COMBINED COHESION AND FRICTION

ACTIVE PRESSURES

v-'—;_M’ﬁ7’:7 R . Zo AN
L] L]
N | 207 HESHTOF Nt FAILURE
/FAILURE \|_t TENSIONZONE yc SORFACE
/ SURFACE $=0 '
1484 FAILURE
H c:=0 % SURFACE
RESULTANT P
A
~1 ~45°
- o Zo = (-85 TAN (45+ $/2)
Ka=TANC (45-5) Zo:ZC/ Y Op =y Z TANZ (45-b/2)-2C TAN (45-d/2)
Gp=KAYZ OayZ-2cC Pp = (—2—7H JTANZ(35-b/2)~2CHTAN(45-¢hs )
K. YH2 : yH2 2¢2
Pa=Ka YHZ/2 PazYHY/2-2CH+ S~ +2C2/y
PASSIVE PRESSURES

MOVEMENT

et 2C 2CTAN (45+9/2)

Lo
FAILURE
e

SURFACE
45/*'4’/2 \

Kp = TANZ (45+ ¢b/2)

oL \

(e R
FOR COHESIONLESS SOILS WITH SLOPING BACKFILL ,VALUES OF Kp AND Kp, AND POSITIONS OF FAILURE ARE
GIVEN IN FIGURE 4.

FOR SOIL WITH C AND ¢, THE POSITION OF THE FAILURE SURFACE IS DETERMINED BY ANALYZING TRIAL WEDGES
TO OBTAIN MAXIMUM VALUE OF Py AND MINIMUM VALUE OF Pp.

Gp=ryZ+2c Op =YZ TANZ (45+ g2 ) +2 CTAN (45+¢/2)
Tp*Kp 72 Pp= %‘YHZHCH Pp=( 123_2 ) TANZ(45+dy2)+2CHTAN
Pp =Kp Y W2 (45+d/2)
GRAPHIC SOLUTION FOR SLOPING BACKFILL
Pa
/ < PASSIVE WEDGE
w 4 Pp
W
\\ R R

THE CASES SHOWN INVOLVE THE FOLLOWING ASSUMPTIONS.
I. MATERIALS ARE HOMOGENEOUS.

2. SUFFICIENT MOVEMENT HAS OCCURRED SO SHEAR STRENGTH ON RUPTURE SURFACE IS COMPLETELY MOBILIZED.
3. WALL IS VERTICAL.NO SHEAR FORCES ARE PRESENT ON BACK OF WALL .RESULTANT FORCES ARE HORIZONTAL .
UNDER THESE CONDITIONS, RESULTANT PRESSURES ARE ACTIVE AND PASSIVE VALUES, AND RUPTURE SURFACE IS A
STRAIGHT PLANE THROUGH HEEL OF WALL.EFFECTS OF SURCHARGE AND GROUNDWATER PRESSURES ARE NOT INCLUDEQ

FIGURE 2
Computation of Simple Active and Passive Pressures
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e
F3=(££—+-{§—

h
) oy,

0.75H

ASSUME HINGES AT STRUT
LOCATIONS FOR CALCULATING
STRUT FORCES

0.25H
(b) SOFT TO MEDIUM CLAY

(a) SAND
 0},:0.65 Ky YH
WHERE Kp=TANZ (45-b/2)

(No>6)

For clays base the selection on
No = Y H/c

Ch:Kp-y-H

= 4c |

KA""""?—H'

m = 1 except where cut is
underlain by deep soft
normally consolidated

clay, then m = 0.4Fgp

See Figure 28 for Factor of Safety
against bottom instability,
(FSB): 1 £ Fgp <1.5

F-1
Fp /, 025H () STIFF CLAY
. (No<4)
F 1> For 4<N,<6, use larger of
3 ‘ 0.50H diagrams (b) and (c).
Ohj=0.2 yH; 0},30.4yH
£ 13 Use lower value when movements
4 . | are minimal and short
' 0.25H construction period.
t
KXo | I
[
o—hz
FIGURE 26

Pressure Distribution for Brace Loads in Internally Braced Flexible Walls
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LOCKHEED MABTIN%

Lockheed Martin Idaho Technologies Company
INTERDEPARTMENTAL COMMUNICATION

Date: September 16, 1998

To: John Giles ) MS 3120 6-4158

From: Edna C. Johnsen ,0//8 MS 3960 6-9705
Subject: TRANSMITTAL OF RESULT TABLES FOR THE WAG-1 SAMPLING (V-TANKS)

SAMPLING PROJECT - ECJ-04-98

Enclosed please find the following Result Tables for the WAG-1 Sampling (V-Tanks) Project.
Inorganic

Result Table

W_AG-l Sampling (V-Tanks) — Inorganic Data (Method Validation Level C, table dated 9-15-98)
Non-Metals

Result Table

WAG-1 Sampling (V-Tanks) - Non-Metal Data (Method Validation Level C, table dated 3-16-98)

Particle Size Density

Result Table
WAG-1 Sampling (V-Tanks) - Particle Size Density (Method Validation Level C, table dated 9-17-98)

Per your request these tables were completed before all the data was received for this project. When the
remainder of the data has been received, I will complete the other Result Tables and forward them to you.

Please review the enclosed table carefully. If you have any questions, or would like any changes, please
do not hesitate to contact me at 526-9705 or Lotus Notes ECO.

Enclosure

cc: Carolyn S. Blackmore, MS 3953
Mary W. Hudson, MS 3960
Donna R. Kirchner (w/o Encl), MS 3960021~
WAG-1 Sampling (V-Tanks) Project File
Project File WAG1-03
Project File WAG1-04
Edna C. Johnsen File
File Code 6404
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TECHNICAL MEMORANDUM FOR THE
WAG 3 AND WAG 10 SOILS TREATABILITY STUDY:
PHYSICAL SEPARATION OF RADIONUCLIDES IN SCILS

1.0 INTRODUCTION

This technical memorandum summarizes the resulis of the first phase of investugacon
under the Wast= Area Group (WAG 3) and WAG 10 Soils Treatabiiity Study (TS). The
objectve of the first phase of the WAG 3 and WAG 10 TS is to demonstate whether or not
radionuclides can be mechanically separated from soils at the [daho Natonal Enginezring
Laboratory (INEL) and maks recommendadons for future work. If mechanical separation of
radionuclides can be economically performed on soils Jom we INEL, then volume reducton of
radioactdvely contaminated soil at the INEL may be a viable oeamment opdon worthy of further

consideragon.

To facilitate environmental remediadon efforts, the INEL is divided into 10 WAGs which
are further subdivided into operable units (OUs). WAGs 1 through 9 generally correspond to
INEL operadonal facilides (Figure 1-1), while WAG 10 corresponds to overall concerns
associated with the Snake River Plain Aquifer (SRPA) in the bounds of the faciliry-specific
WAGs. The boundary of WAG 10 is the INEL boundary, or beyond, as necessary to encompass
real or potental impact from INEL actvides JDHW 1991).

Sampling was performed in areas of suspected radionuclide contaminaton in soils from
sites inside and outside of existing OUs. Remedial Project Managers (RPMs) of the U.S.
Department of Energy (DOE), Idaho Operadons Office (DOE-ID), U.S. Environmental
Protection Agency (EPA), Region X, and the Idaho Department of Health and Welfare (IDHW)
reviewed availuble information regarding radionuclide contaminated soils (RCS) at the INEL
that are outside exisding OUs and determined sites where unacceptable risks to human health or
the environment may exist. Insice OUs, arsas which may have elevated radionuclide
conwamination in soils and couid potentially pose a higher -isk were selected for sampling.
Surface soils between ranging in depth from 0 10 0.3 m (0 and 1 ft) below land surface (bis) were
sampled from the selected locadons. Physical separation of particle size fracdons was achieved
by wet sieving the samples. The individual parucle size fracdons were analyvzed for radionuclice
indicators and specific radionuclides. Sample aliquots were subjected to mechanical atriton and
the effect of arridon on radionuclide disziburion in the individual particle size fractions was

evaluared.



Sampie Log Number:

TAN TSF-09

Particle Size Disz:oution

Sieve
- 4

- 30
+100
+200
+«100
Fines
Toral

Gross

538.70
104.51
7211
372.23
354.34
293.00
518.07
2473.56

Sample Log Number:

TAN TSF-09

Particle Size Distribution

Sieve
+ 4
+10
+40
+100
+200
400
Fines
Total

Average Cs = Calculated weighted average concentration of cesium for composite

Gross
404,79
89.16
89.67
334.79
327.23
112.17
454 41
1812.22

090313
Tare Net
103.64 455.06
24.76 79.35
195.60 76.51
191.48 180.75
164.90 159.94
193.52 99.38
7245 445,62
976.45 1497.11
090313 after aidon
Tare Net
104.30 300.49
24.30 64.36
20.79 68.88
192.97 141.82
193.30 133.93
20.53 91.64
72.15 382.26
628.34 1183.88

Alpha

219.4
410.8
7252
1684.7
2319.8
32387
123423
+465.6

Alpha
123.0
165.8
8153

12207
21216
3085.6

123423

4698.0

soil fraction greater than or equal to sieve size shown. For example, acdvity

shown on +30 mesi line is the average acuvity for all materials above 40 mesh.

Beta

6711.7
13063.1
253153
56756.3
80630.6

111261.3
416216.2
150770.3

Beta
3828.3
§225.2

25540.5
38198.2
68018.0
103603.6
388738.7
148553.1

Radionuclide Diszibugon (pCig)

Cs-137

8186.2
13729.7
28918.9
61081.1
70270.3
88918.9
1462162.2
163047.7

Radionuclide Disaibuton (pCi/g)

Cs-137

2864.9
10162.2
18864.9
443243
71081.1
120000.0
464864.9
175120.3

25 oR40

Avg Cs
8189.2
016.3
115003
223818.2
30789.4
362834
163047.7

Avg Cs
2864.9
4160.3
6492.9
15806.7
26233.6
36952.9
1751203
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X7 oF Y0

>-3/-98

REQ. ¥O. 4982020125 Z

NATZRIAL SOIL -

3P T GROSS TARE . -
: 250.65 200,66

SCREEN FULL ENPTY %W

2000 170.5100  16%.1500 2.10

350 180.3800  169.1600 23.64

(25 179.§30¢  169.1600 20,94

250 1752706 189.1600 12.22

108 182.1000  1§9.1600 25.89

i 1714900 169.1600 4,68

PERCENT WEIGHT FINES 9.9419%4




280r40

..... Loy 7 ) 3/- 99

o 4981900123 ,

viTInAL SOIL

e GROSS TARE 64/7/
208,87 1201 .

SCREEN RULL RHPTY % ¥

2000 1974700 163.1600 3201

850 189.3500  169.1600 22.90

025 179.5200  169.1600 11.75

250 194.7500  169.1600 §.34

105 19.3500  1§3.1600 11.56

7 173.2200  169.1600 162

PERCENT WELGHT FINES 10.72829




REQ. NO. 4981800124
HATERIAL SOIL
SANP T GRO3S
201.4
SCREEN FULL
2000 182.8200
350 - 191.5200
) 180.8500
250 175.3700
.08 183.8100
15 172.5500

PERCENT VEIGHT FINES

TARE

118,88
EKPTY
163.1600
169.1600
169.1600
169.1600
169.1600
168.1600

11.46381

» T

1.7
27.22
.17
7.83
17.7%
411

7,3/—99

ret

26 o qc
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REQ. XO.
MATCRIAL
48P WT

SCREEN

4382020125
S01L
GROSS
250.65
FULL
10.5100
180.380¢
174,300
175.2700
182.1000
1714900

PERCENT WEIGHT FIKES

TARE

"200.66
ENPTY

169.160¢
169.1600
168.1600
169.1600
169.1600
169.1600

9.941994

X T

2.70
2164
20.94
12.22
25.89

1.66

>-3/-9¢

3o 40



32 oF 40

B
:- 7 - 3/
B 4981900123 )
v SOIL
: GROSS TARE 64/7/
208.87 120.1
SCREEN PULL EMPTY LW
2000 197.4700  169.1600 32.11
850 189.3500  169.1600 22.90
{25 179.5200  169.1600 11.15
250 194.7500  169.1600 §.34
108 179.3500  169.1600 11.56
15 173.2300  169.1600 4,62

PERCENT WEIGYT FINES 10.72929




REQ. NO.
WATERIAL
SANP T

SCREEN

A98130012¢
SO0IL
GROSS

182.8200

- 191.5200

180.8500
175.3700
183.8100
172.5500

JERCENT VEIGHT FINES

TARE

118.88
EPTY
163.1600
169.1800
169.1800
169.1600
169.1600
169.1600

11.46381

» T
17.71
.
.17

7.583
17.1%
{11

23 oF 4O



4921900123

¥ATERIAL S0IL
TR GROSS TARE
136.83 118.88

SCREEN FULL ExpTy 1N
2000 183.9600  169.1600 18.99
350 191.8300  189.1600 28.8)
4§28 180.3200  169.1600 14.32
250 176.1300  169.1€00 8.94
106 181.3800  169.1600 15.93
! 1714290 169.1600 2.90

PERCENT WEIGHT FINES 10,09622

7-3/-78
oK

BHoryd



35S e 40

R=q. NO. £981900122

NATERIAL SOIL )
SAKP ¥T GROSS TARE //

193.81 118.92
SCREEN FULL EXPTY XN
2000 . 170.1000  169.1600 1.26
850 182.3000  169.1600 17.55
25 184.4700  169.1600 20.44
250 178.4800  169.1600 12.44
106 187.5200  169.1f%v 24.52

13 1724400 1£5.1600 .38

PERCENT WEIGHT FINES 13.41515




rench Shields

Speed Shore offers the most advanced line of trench shielding products available. Built to last, these shietds are -
designed and certified by Registered Professional Engineers to aptimize strength to-weight ratios while maintaining
minimal sidewall thickness.

Standard shields are available with 37 to 8" thick walls in a full array of heights and lengths. The comprehensive -

line of trench shislds includes economical Single-Wall Shields for less extremne lateral pressures, specially designed
Manhole Shields, and the popular heavy-duty Double-Wall Shields. Complete custom capabilities are atso available -
1o analyze and optimize shields to your specific needs.

Unique Speed Shore features include: replaceable push blocks to protect the integrlty of the strugture, high-tensile
steel reinforcement plates for added strength in critical spreader socket areas, and a variety of industry options that
are included as Speed Shore standard features. Such features make Speed Shore trench shields the preferred choice

for maximum productivity and safety in the tranches.
Speed Shore Shields
Optimize Safety and
Productivity.
a Replaceable Push Blocks
protect your structure when pushing the
shield lo grade. Damaged sections are’

readily replaced with no modification to
shisld structure.

m 1/2" Steel Reinforcement Plates
for added strength and puncture resistance
in critical spreader socket areas.

u 5 Spreader Sockets 4
(standard on most Double-Wall Shields) for -
optimum-versatility in spreader placement,

= Heavy-Duty Stacking Sockels
assure proper alignment of stacked shields.

= Thru-Wall Spreader Sockets
penetrate end vertical supports for. added
strength and durability. :

m Easy-Access Lifling Pockets
for ease of handling.

u Certification Piate
for quick reference to shield size, serjal
number and P.E.~Certified capacity.

SPEED &’SHORE’

PIONEERING TRENCH SAFETY




370F 4@
Trench Shield Features '

CERTIFICATION PLATE

REPLACEABLE PUSH BLOCKS

FACTORY PAINTED

1/2" HIGH-TENSILE STEEL
REINFORCEMENT PLATES

/

L~ EASY-ACCESS UFTING POCKETS

HEAVY-QUTY
STACKING SOCKETS

KEINFORCED THRU-WALL - HIGH-TENSILE STERL
SPREADER SOCKETS | CONSTRUCTION
FLAT SHIELD BOTTOMS®

HEAVY-DUTY PULLING EYES —
QUICK-CONNECT " |

PINS AND KEEPERS

~ *REINFORCED ABRASION~
RESISTANT KNIFE-EDGE
AVAILABLE AT NO CHARGE:

TYPICAL DOUBLE-WALL SHIELD




' Double-Wall Trench shielas >

¢ Double-Wall
pirt SHIELD ALLOWABLE DEPTH
MODEL DIMENSIONS | GLEARANCE WEIGHT CAPACITY (FL) by oy =-
H{Fu L (in) (Lbe.) Pet) A |l B |C8ay] C
73.0408-DWa | 4 8 20 2430 $840 $01 50| 50 | 50
TS-0410-DWa | & 10 20 2780 3390 s0] 50| 30 | &
18-0812.0Wd | 4 12 20 3150 2280 50 | 50 a8 29 ;‘
7S-0416-DWa | 4 18 20 3730 1230 a7z | 21 | 16 3
TS-0420-DWa |4 20 20 4420 770 | 29 17| 131 10 B
T8.0608-DWa | % s .2 2300 3330 50 2 | 50
7S-0810-DWé | 6 10 42 2840 3420 s0 ] 501 50 | es
73.0812-DW4 | 6 12 42 4320 2310 50| 60 | 40 | 31
TS-0816-Dw4 | 8 18 42 5785 1250 |2 [ 22 ] 17
75-0020-Dwa [ @ 2 42 7435 " 380 34} 20 18 | 13
78-0808-DwWa | 8 8 82 3220 2100 50| 48| 37 | 29
75-0810-DW4 | 8 10 82 4438 1680 so| 39| 30 | 24
Jr1s-0812.0w4 | 8 12 62 5200 1400 sof 33| 26 | 2
TS-0816-OWa | 8 18 82 7360 1250 80 30 | 24 | 19
TsS-0820-0W4 | 8 20 &2 2550 9060 36 ) 22 | 18 | 1a
6" Double-Wall .
1
PIPE SHIELD ALLOWABLE DEPTM
MODEL DIMENSIONS | CLEARANCE | WEIGHT | CAPACITY {FL.) ey s type ~
: H(FL) L n.) {Lbs.) (Psh) A | 8 |Ci60)] C
TS-0412-DW6 | 4 12 20 3720 3680 S0 | 50 | S0 | 47
TS0416-DW8 | & 18 20 a890 1990 6| as | 34 | 28
T50420-0w6 | s | 20 20 5240 1250 a8 ] 23] 22 | 17
TS-0424-DW8 | & | 24 20 €300 - 850 320 19| 15 | 12
7S-0425-DW6E | o | 24 2 7230 820 231 14 ] 1 2
TS.0812.0W6 | 6 | 12 a2 sags | 3690 | 501 50 | %0 | 48 Spreader Sets”
TS-0818-DWe [] 16 42 85610 2000 50 | S0 | 3S 7 .
TS-0620-0W6 | 8 ( 20 42 8370 1250 49| 29| 23 ] 18 WEICRT
T5-0824-DWE | 8 24 42 9540 950 371 2z} 18 14 MODEL DESCRIPTION 1 i e)
T5-0628-0W6 | & | 28 42 11540 740 20| 171 15 { 1 SPRB.024 | 24 (2] Spreacers| . 350
75-0812DW6 | 8 | 12 55 6880 2030 %0 | 47 | 36 ?a SPR8.030 | 30" (2.5) Soresaders| 430
Ts-08160We | 8 | 18 g3 8525 2000 | S0 48 38 | 28 SPRB-038 | 36 (5). Spreaders| 520
T5-0820-0W6 { 8 | 20 85 2980 1250 50! 30| 24 | '8 SPRB.042 | 42 (3.5) Spreaders] 610
15:0829.0W6 3 3 | 23 23 12800 900 | 381241 19 L 15 SPRE043 | 48" (4) Sproaders| 695 _
moesowel e Tu [ w Tl w foimbule] [mboul s osesesl
= SPRB-060 | 60° (5') Spreaders| 870
TS-1016-0W6 | 10 18 86 10560 1200 49 31| 24 | 19 SPRE.072 | 72 (6) Spreaders] 1040
7S-1020.0Ww8 | 10| 20 88 12540 280 «wl2s) 201 16 SPR8-084 | 84" (7)  Sbreaders| 1216
73.1034-ows 0 | 24 86 15035 860 3 | 22 ( 18 | 15 SPRB.096 ] 96 (8) Spreaders| 1350
7S-1028-DW6 | 10 | 28 868 19880 770 wi20] 16 [ 13 SPRB108 | 108" (9) _Spreaders] 1560
SPR8-120 {120" {10) Spreaders| 1736
8" Double-Wall SPRB-132 | 132 (11)_ Spreaders| 1910
] SPRB-144 { 144° (12') Spreadem - 2085
PIPE _ SHIELD ALLOWABLE DEPTH SPR5-188 |156° (13) Spreaders} 2255
MODEL  |DIMENSIONS | CLEARANCE | WEIGHT | CAPACITY 1PL) by mos e SPR8-168 |168" (14)) Spreaders| 2430
HoFy L tn) (Lbe.) Peh) Al e jcso ¢ SPR8-180 | 180° (15} Spraaders :‘2500
TS0M20.0OWB| & | 20 20 6450 7800 S0 | 40 | 30 | 24 * Wmctudes ¢ spraaders per sel
T3-0424.DWB| 4 | 24 20 7460 1230 a7 271 21 | 17
15-0428-DW8| 4 28 20 8600 200 3 20] 181 42
TS-0432-DW8B| & | a2 .20 94850 880 26 5| 12 | 10
T3-0820Dw8| & | 20 a2 3380 1790 50| a1 | 31 | 24 Pyi= Pounds ber sauare foal L e
TS0624-0W81 6 | 24 a2 15750 1220 en | 28 | 22 | 17 = Prior to.usm, teler lo OSHAY 29 CFR, Farl 1926 {subpart Pyand -~ - -
TS-0828-0ws| 6 | 28 a2 13395 1080 wlos] 22 [ 17 :m:;;wg:aﬂﬁm‘zggmmﬂ ZP:;L“’ g
TS-0632.0W8| & | 32 2 14760 860 38 | 22 | 18 | 15 Tyos 8 soll not 10 excesd 45 P2l par toot of degth:: Type G160 soilnklo
TS-0820.DWB}1 8 | 20 85 11950 1780 50 | 41 | 32 28 sxcend €0 Pt par foot of depity; Type C 30it not o excesd 80 Pyt per.foot
T3-0824-DW8 8 24 85 13260 1220 49 | 29 24 19 of depth. : : )
T?-oggg M8 8 28 8 16870 1270 $0 7 90 2¢ b Now: Allowabie depms are limira to 50 et lor praalcil wloﬁ&s. Contadt -
75-0832.DW8] & | 32 65 21890 980 39 2¢ ] 19 | 18 Soeed Shofe 101 apDICAHIONS ExCE0ing posicd Howsle SeotR:.
TS-1020-OWs| 10 | 20 38 14420 1320 so] 33| 268 | 2 R
TS-1923-0W8| 10 | 24 86 16390 1100 471 28| 22 | 8
T3-1028-Dw8l 10 | 28 86 18700 920 37| 23| 19 | 16
TS-1032.nwA T 1D 24430 34 221 18 13

kg




3" Economy Single-Wall
’ ) “PIPE - SHIELD ALLOWABLE DEPTH .
MDDEL _ |[DIMENSIONS | CLEARANCE | WEIGHT | CAPACITY (71) by 30t orvw = ‘Spreader.Sets’
H(Fty L {1n) {Lbs.) (Pt A B |Cismyy C

TSod0eSwa | s | o 22 | 93 | 100 | $0138 ) 29 ) 22 _MODELNO. | DESCRIPTION | WEIGHT.
TS-0408-SW3 | 4 8 22 N0 _ g10 | 3521 11 18 Qs f
T5-0410-SW3 | 4 10 2 1 1395 570 21 113 ] w0 8 SPR4-024. (24" (2') -Spreaders| . -g0 |
TS-0412-SW3 | 4 12 22 1760 510 19 | 12 9 8- SPR4-030 |30°(2.5") Spreaders( --110 -} -
‘7S0608-Sw3 { 8 | 8 3¢ 1308 | 1200 | 47| 28 | -22 17 . SPR4-038 “|36° (3') .Spreadersi . 1130 ]
“TS-0608-SW3 | 6 8 34 1833 820 ¢+ Riw| 5} 12 SPR4-042.- | 42° (3.5') Spreaders| ' 150 |.
73-0810-3W3 | -8 10 ¥ 1885 ~ $10 20 [l 10 [y SPR4-048 {48"{4)) :Spreadsrsj 175 -}
TS-0812-5W3 | 6 12 34 . 2415 430 177 15| 8 8 SPR4-054 - | 54" (4.5') Spreaders| . 195 .
Ta-0808-3w3 |8 |- 8. 48 1865 750 Wl ] 15| 3 ‘| SPR4-080 |80" (59 Sereaders] 215
75-0808-SW3 | 8 -8 48 2085 580 25 15f 12.] 10 SPR4-072 |72°(6") Spreaders| 280
1S-0810-swW3 | 3 10 6 | 2820 450 18124 0] @ SPR4-084 . | 84” (7). Sprsaders 300
TS-0812-Sw3 | 8 12 46 ;Eg_ - 380 ) 1 9 SPR4-096 ]96" (8" Spreaders| 345 -
3" Singls-Wall Shields moﬂubulafcons(mr.non Haavy-Outy Stacking Sockets and Pulling Eyesareophwl. T Tincludes ¢ Sieeders per sel. L

Psf = Pounds per square foot.

** Prior o uss, reler to D3MAY 28 CFR, Part 1926 (suhoan P} and Manuixctuiers Tabuiated Dat tor detailed maplanation of
30il typs and producd application, Tyoe A salt not axceed 28 Psi per foot of depth; Type B soil not o excend <5 Pyl per
loot of deprh: Type C(60) sail ot 1o axceen 60 P3F per foot of depth: Typs C soil not to excesd 80 P3i ger fout of dapth.

Note: Allowable depths /s limied to S0 fest o praciica purpases. Contact Spaed Shore or applicarions excesding posied

allewabie segths.
4" Heavy-Duty Single-Wall
PIPE -1 SHIELD ALLOWABLE DEPTH
‘MODEL DIMENSIONS CLEARANCE_ WEIGHT | CAPACITY (FR.) by 308 ypa = é
H(Fty L gn) b ibey | Psty AT B [C8)] € > -
78.0408-SW4H | 4 8 22 998 2840 50 [ 50 | a8 | 37 Sbreader Sets
T5-0408-SWaMH 4 8 22 1230 153_5 S0 34 26 20 . ]
TS-0410-SWaH | ¢ 10 22 _1510 950 a7 ]2 | 7| 13 P - TWEIGHT. |
TS.oat2.9WaH | 4 | 12 22| 1840 850l 24 ] 35] 12 | o MODEL |  DESCRIPTION " [%ah,) I .
7§-0414-Swan | 4 14 22 2220 |~ 678 26 |as ! 12| 10 SPR5-024 | 30" (2') Spreaders}...185. | '
T8-0416-SWaK | 4 16 22 2780 650 24118 | 12 9 SPR3-036 | 36° " (3') Spreaders| 250.°
T3-0806-SWaH | € 8 38 1545 2080 -1 80| 48| 37 | 28 SPRS-048- | 48" (4" Spreagers| 330
7S-0608-Swar [ & 36 1875 1828 SO | 38 § 27 21 SPHR5-080 | 60° (%) Spreaders! 415
TS-0810-SwaH | 6 10 .38, .| 2280 asa 8l 22 18 14 - SPRS-072 | 72" (8').Spreadesrs|. 500 -
TS-0612-SWaH | @ 12 38 2740 850 25 1184 13 1 10 SPR5-084- | .84" - (7') Epreaders; 580
T5-0814-SwaH | & 14 36 3108 600 24 { 18 ] 12 | 10 SPRS-0968 | 98" (B') Spreaders| - 565 .
T3-0616-SWak | 8 18 38 3585 460 18N 9 8 LSPRS-102 (102" (9) Spreaders| 730 -~ |
1S-0808-SW4H | - 8 8 48 1980 1300 50 | 81 28 13 | SPRS-120. | 120" (10’) Spreaders]:-- 830 |
T5-0808-SWaH | 8 8 40 2410 | sfo 40124 19 {18 SPRS-132 .|132*_ (11')-Spreaders] - 915.: }
7S-0510-SwaH | 8 10 48 2840 780 322120 w | 13 SPRS-144 {144" (127) Spreaders|~-995-- | -
T3-0812-Swar | 8 12 46 .3480. 650 26 | 17 | 14 11 SPRS-156 [158" (13') Spreaders] 108y . |
TS-0814-SWaH | 8 18 48 4088 - 560 231§ 121 10 SPRS-168 1168 .(14') Spreadsrs| 1164
15-0816-SwaH { 8 16§ 45 4645 430 18] 121 10 9 SPRS-180 180" (15%) Spreaders| 1247 -
4" Singie-Wall Sraeids are constructes with Speed Shore's exclysive slope-faced sliuctyral gesign, and include rinchiges 4 sprescers per i :
Stacking Sockets and Pulling Eves,
Pst = Pounds per square foot. -
** Prior 10 use. reter to OSHAT 29 CFR, Part 1926 (subpert P) 3nd Manutecturer’s Tebulated Dals for astailed sxplanadon of
30il typas and product applicatcn. Type A soi not exceed 25 Psf per oot oi-depih; Type B soft not to exceed 4S Pyt par
1001 0 Septh; Type CI60) sl et 1o excewd 00 Pt par ook of Gypth: Type C Sorl ot o xeed 80 P per ook of Gapth NES TRENCH: snonlle
Nole: Aliowaie 0epihs are fimited 10 50 eet lor practical puvpases. Coniact S0ex Snore for appications ecasding pashid 3855 South 700 West =
alowabie depths. Salt Lake Clty, UT. 84119"

(801) 270-5821+« Fax:'270-8175



rch Spreaders

Designed for bore-pits and large-diameter pipe clearance.
Speed Shore's Arch Spreaders are quick and easy to
install. Available with a full range of bolt-on extensions,
they simply pin in place on the standard double-wall

~ shields to provide for exceptionally high clearances.

: ' WEIGH
MODEL ~ DESCRIPTION - |WEGHT
| TS-ARCH | Basic Arch Spreader | 2290 |
_TS-ARCH-EXTO) 1' Extension 150 -
TS-ARCH-EXT02 - 2' Extension’ 255
TS-ARCH-EXTO3 3' Extension 380
TS-ARCH-EXT04 4’ Extension 485 -1 . [
TS-ARCH-EXTOS - §' Extension 565 -
TS-ARCH-EXTOS &' Extension . 870 -
TS-ARCH-EXTO7 7. Extansion 775
TS-ARCH-EXTO8 8’ Extension .. 860 -
TS-ARCH-EXTO9 9' Extension. 985
TS-ARCH-EXT10 10" Extension 1085

The stangarg Arch Spraader i3 esigrad 1ot use with 6. B, and 10° Nigh Spsed Shore Shietts,

The Baslc Arch Spreader will produce a 6 span between the inside walls of tie shigid.
Extensions a3 aeailable in 1 increments.

t o — SRS

Shoring Vertical : . Excavalion  Modular Alum. Aluminum  Steel Trench  Manhols”  Manguard®  ..Slida-Rall::
Shietds® Shores Bracss  Pane! Systems Trnch Shigids  Shisld's Smieras " Shieids . -Systems

SPEED &SHORIEE" R
PIONEERING TRENCH SAFETY MES TRENCH SHORIN

3655 South 700 West - |- &
Salt Lake City, UT 84119 ~ | -}
(801) 270-5821 « Fax: 270-8175 | i

J

wn, 33305 SAMHOUSTON PKWY E. » HOUSTON. TEXAS 77047
-+ (713¥ 948750+ FAX (713) 943-8483 » USA TOLL FREE: 1-800-231-6462
v wwuw.speedshore.com o L
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MANAGERS 6 DESIGNERS TONSULTANTS

SHEET of
CLIENT/SUBJECT W.0. NO.

TASK DESCRIPTION TASK NO.
PREPARED BY [5: I8 SHw DEPT DATE s|3dey APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPT_____DATE

L.

Problem Statement:

Estimate the volume of excavated soil, soil container capacity, and quantity of
containers.

Method of Solution:

1. Estimate the weight of soil and compare to weight capacity of the bags.
2. Estimate the volume of soil to be excavated.
3. Estimate the number of bags required.

Assumptions:

Average dry soil density if 95.5 pcf. , » . ' {QJ'
Average total density is 111 pcf. @ l©-1 A VR 3 Ca Cor /;/

Soil bag capacity is 258pef= Cchrie &§

Sourc 3/of Formulas and References:

INEEL-BBYtENngineering Data — Soils test results (see Calculation ABQOS — CE001)
LiftBag Product Literature
Design Drawings

Calculation:

Stimata. plomen gé Sove G tANW TxeaUstine

IZVASER S Pue: &% %26 = 1243 sS¥

Y

s\ \24& 15 /7 b3 ¢y

S xLade Uolu e -Jé ™ks  to anj ey

— % .
“,_? x L Zx10” x 185
< P -
2 ki & X%z £5 <Y
e <
Z1 z — _Z
Z1 Z.

Uol G- 7 Dol = 693 -%5 = | 08eq|e—
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CLIENT/SUBJECT

OESIGNETS CONSULTANTS

Bk S5

SHEET of

W.0. NO.

TASK DESCRIPTION

TASK NO.

APPROVED BY

PREPARED BY DEPT DATE
MATH CHECK BY DEPT DATE
METHOD REV. BY DEPT DATE

DEPT DATE
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CLIENT/SUBJECT W.O. NO.

TASK DESCRIPTION . TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPT DATE

A TeB Qlows o 94l Rl baudleR
klZ
%% + 825 4+ FH 2
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oA —

& Xl =z A%’Z}Nt_
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CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

DATE

METHOD REV. BY  DepT _DATE DEPT
Aspoma Untowa § Jiile & §ocg ol ot fu
TAKES  uf /7 Fvss  he S/zhg 2 LA om
/0X8p o Bw cf fhre T79.63 Ly
fotime ol lng con wh b LD F e
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CLIENT/SUBJECT Lr TA“ML’S : W.0. NO.

TASK DESCRIPTION / TASK NO.
PREPARED BY@‘ m“ lAﬁ\) DEPT DATE 7/27/0/ APPROVED BY
MATH CHECK BY DEPT ________ DATE

METHOD REV. BY DEPT ——  DATE____ | DEPT DATE
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Client/Subject: INEEL-BBWI / V-tank Removal Project W.O. No.:12393.002.001
Task Description: Lifting Requirements Task: 90% Design Calc
Prepared by: R. Ederer

Problem Statement:

Evaluate the lifting requirements of the V-1, 2, 3, and V-9 tanks. Consider lifting of shipping
casks, concrete rad-vault, and soil bags.

Method of Solution:

1. Estimate the tank surface area.
2. Estimate thickness of the steel.
3. Estimate the tank weight.

Assumptions:/(’)ATA P&ou.ﬁ’e,& (03 EpEel

1. The tanks are stainless steel (type 304 for this analysis)
2. The V-1, 2, 3 tanks are 10 ft. diameter and 19.5 ft. long.
3. The V-9 tanks is 3.5 ft diameter by 5.5 ft to top of cone section, cone is 1.75’ long.

Sources of Formulas and References:

e Grove Hydraulic Crane Product literature

e Design Drawings

« Duratek shipping container and vault literature

e “Lift Liner” system product literature
Calculation:

A. Calculate the expected weight of V-1, V-2, and V-3 Tanks

1. Determine the surface area of the tanks.

Dia 4, = 10 L gank =195
Dia
i tank
Area g rface = Did g WL gap + 277 a 785 sf
. _ 025
Assume the tank thickness: t =0
shell 12
2. Determine the tank weight
Steel volume is: Vol oo "=t chell ATE g rface Vol oo, 1635 cf

Assume the density of Type 304 stainless steel is:

Sg g1 = 8.04 Pt =58 g5t'62:4 Pest 017 pcf



The tank weight is:

W tank ‘=P sst- Vol gt ' Wonk 8203 Ibs

Assume approximately 2" of liquid or sludge left in the tank when lifted.

si= L r:=5 a=2 a=0.033
12 T
(N e 2 ) \ ]
W liquid = 1057 0~ sin(e) ) -L ;1. (62.4-1.2) W =601 Ibs

/P “Adujst tank weight for fittings, flanges, and miscellaeous piping (1,000 Ibs).
A7
Adj o5t

- A\ —
Wiank = (W tank+ W liquid + 1000 W tank -=9804  Ibs

B. Estimate the weight of the V-9 tank. To be conservative and simplify the calculation, assume
the cone section is a cylinder.
Dia 2k .vo =4 L tankvg =5+ 1.5

[ 2w .
ATea g face vy T |_\D1a tank.v9 E/} +LmDiagny vo  area:=101.71 sf

. . _025
Assume the tank thickness: t shell .—?
2. Determine the tank weight
Steel volume is: Vol ¢4 v =t shell'ATea g rfacevg VOl sst.vo =1 2.11 cf
Assume the density of Type 304 stainless steel is:
Sg ¢t 1= 8.04 P gst ‘=S8 g51'62.4 Pest 017 pcf

The tank weight is:

W tank.v9 “Psst VOl gstvo W tank vg = #°1063 lbs

Aduijst tank weight for fittings, flanges, and miscellaesous piping (500 ibs).

Wiank.vo = Wiankvo + 500 yoga s
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C. Evaluate the lifting requirements for the tanks. Design lifting for V-1, 2, & 3 tanks
1. In summary, the weight of each tanks is:
V-1, V-2, and V-3 (each): W.tank =9804 Ibs

V-8: w tank.vo = ¢ 1563 lbs

2. Assume the tanks are placed in granular fill material (cohesion = 0), with no groundwater
therefore neglect the suction required to overcome the capiliary forces.

¢:=0 ca:=c-0.9
3. Add the force to overcome saoil friction. Assume the soil rises to the springline of the tank (5).

a. Determine the active soil force on the tank

Ysoil =11l pef  H:=5 ¢ :=32-deg

K =L sin(¢) K, =0307
1 + sin()
P vertical =7 soil H =8 555
Poctive=t 172 psf

P active =K a'P vertical

b. Determine the skin friction coefficient on the tank.
6:=17-deg Ca:=0.9 fo:=¢ a1+ P octivetan(d) fo=9 53.5psf

c. Estimate the surface area of the tank in contact with soil.

(19.5 xTk10)
2
d. Estimate the breaking force to overcome the soil friction

LIDD Stank = 1°306  sf

P preak =fo'S tank P preak =1°16,387  1Ibs

4. Estimate the lifting requirement for removing the largest tank.

Lift :=26191 Ibs or 13.1 tons

Lift capacity ='W tank + P break | ® capacity *

9804 + 16387
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Discussion

Summary of calcs:

weight of each V-1, V-2, and V-3 tanks (tons): W ea.tank=4.9 tons
weight of V-9 tank (tons): W iank.vo 0.781 tons
Tank lifting capacity required (tons) Lift capacity 13.1 tons

frer

Select a Grove RT650E Sertes Rough Terrrain Hydraulic Crane or equal. A cut sheet is
included as Attachment 1. This crane will be adequate for other lifting requirements on the job
such as the "Rad Vault 8-120" with ioaded HIC (66,700 Ibs + 7,500 Ibs = 74,200 Ibs),
DURATEK CNS 8-120B Type B shipping casks (49,300 Ibs, empty; 63,980 Ibs w/maximum
payload) and soil bags (24,000 Ibs).



ROUGH TERRAIN
HYDRAULIC CRANE
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[Dimensions

Note: ( ) Reference dimensions in mm
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RT650E RATED LIFTING CAPACITIES IN POUNDS
33 FT. - 105 FT. BOOM

ON OUTRIGGERS FULLY EXTENDED - 360°

Radius #0001
in Main Boom Length in Feet
Feet ™33 40 50 60 70 80 90 | 100 [ 105
10 |100.000| 80,550 | 67.250 '
(69.5) | (735) | (77)
12 87,100 { 79,150 | 64,200 |*56,100
(65.5) | (70.5) | (75) (78)
15 69,050 | 69,550 | 59,950 ( 51,800 | 45,200
(59.5) | (65.5) | (71) (75) | (77.5)
20 50,500 | 50,950 | 51,400 | 44,500 | 38,550 | 34,450 { *31,400
(47.5) (57) | (64.5) | (69.5) | (73) | (75.5) (78)
25 38,300 | 38,850 | 39,350 | 39,650 37,100 | 29,850 | 27,2501 21,000 18,350
. (32) (47) (58) | (64.5) ] (68.5) | (72) | (74.5) ]| (76.5) | (77.5)
30 30,700 | 31,200 | 31,500 | 31,700 | 26,350 | 24,100| 21,000} 18,350
(34.5) | (50.5) | (58.5) | (64) (68) (71) | (73.5) | (74.5)
35 25,450 | 25,750} 26,000 | 23,650 | 21,500 19,150| 18,350
(41.5) | (52.5) | (59) (64) | (67.5) | (70) | (71.5)
40 20,850 21,200 21,600§ 21,350 | 19,400{ 16,650| 17,300
(30.5) | (46) (54) | (59.5) (64) | (67) | (68.5)
45 17,100} 17,350} 17,300 | 17,300} 14,650 15,750
(38) | (485) | (55) (60) (64) 65.5
50 13,950 14,150{ 14,200 | 14,2008 13,000§ 14,300
(28) | (42.5) | (50.5) (56) J (60.5) ] (62.5)
55 11,700} 11,750 | 11,850 11,900 12,000
(35) | (45.5) (52) (57 (59)
60 9,730 | 9,870 | 9,980 | 10,100} 10,150
(26) | (39.5) | (47.5) | (53.5) | (55.5)
65 8,300 | 8,440 | 8,600 | 8,680
(33) | (42.5) | (49.5) | (52)
70 6,960 | 7,170 § 7,340 | 7,430
(24.5) | (37.5) | (45.5) | (48.5)
75 6,080 | 6,290 | 6,390
(31) | (40.5) | (44.5)
80 5,130 | 5380 | 5,490
(23) | (35.5) | (40)
85 4580 | 4,720
(29.5) | (35)
3,880 | 4,020
% 22) | (29)
3,400
9 (21.5)
Minimum boom angle (°) for indicated length (no load) 0
Maximum boom length (ft.) at 0° boomn angle (no load) 105
NOTE: () Boom angles are in degrees.
#LMIl operating code. Refer to LMI manual for operating instructions.
“This capacily is based on maximum boom angle.
Lifting Capacities at Zero Degree Boom Angle
On Outriggers Fully Extended - 360°
Boom Main Boom Length in Feet
Angle 33 40 50 60 70 80 90 100
0° 16,250 | 12,500 8,780 | 6,290 | 4510 | 3,160 { 2,110 | 1,260
(28.2) | (35) (45) | (55) (65) (75) (85) (95)

NOTE: () Reference radii in feet.

A6-829-100936

RT600E Series

Jorq



RT600E SERIES ON RUBBER CAPACITIES

STATIONARY CAPACITIES STATIONARY CAPACITIES
360° DEFINED ARC OVER FRONT (See Note 3)
Radius #9005 Radius #9005
in Main Boom Length in Feet in Main Boom Length in Feet
Feet Feet ™33 | 40 | 50 | 60 | 70
33 40 50 60 70
38,550 | 38,550 10 46,600 ] 40,800 | 34,600
101 (695) | (735) (69.5) | (73.5) | (77)
32,550 | 32,550 | 32,550 12 40,800 | 40,800 | 34,600
12| (655) | (705) | (74.5) (655) | (70.5) | (74.5)
34,000 | 34,000 | 34,000 | 26,650 | 21,500
23,700 | 23,700} 23,700 | 23,700 1 , ’ ' . -
15 | eom | ®ss | o1 | (755 ° | 595 | ®55) | 71 | 755 | (78)
oo | 14450] 14450( 14,450] 14450 | 14.450| | 20 23'702? 2‘(55‘;50 2(22102;) 2‘(3%%?0 2(;-3520
@75y | (67) | (845) | (70) | (73.5) (47. 1 ) ‘ - -+ -5)
o5 | 9640 | 9,640 | 9,640 | 9640 | 9,640 25 | 19,2001 19,200 "(’528‘)’ 1%’ Jg;zgo
(2) 1 @7 | ©8) 1 (65 ] 99 13,100 | 13,100 | 13,100| 13 1.00
6,840 | 6,840 | 6,840 | 6,840 30 y g ' ’
30 (345) | (50) | (59) | (64.5)
(345) | (50) | (59) | (64.5)
2850 | 485 35 10,050 | 10,050 | 10,050
35 ‘(14!35; ptell e (415) | (53) | (60)
- 40 7,900 | 7,900 | 7,900
40 3?;3550 32‘;550 352550 (305) | (465) | (54.5)
(30.5) | (46.5) | (54.5) 45 6,290 | 6,290
45 2,410 | 2410 (385) | (49)
(385 | (49) 50 5,050 | 5,050
50 1,610 | 1,610 (28.5) (43)
(285) | (43) 2,060
Min. boomn angle (°) for indicated length (no load) 30 55 (35.5)
Max. boom length (ft.) at 0° boom angle (no load) 60 3,260
60
NOTE: ( ) Boom angles are in degrees. (26.5)
:;;"I’J;%eg“"g code. Refer to LMImanual for operating Min. boom angle (°) for indicated length (no load) 0
’ Max. boom length (ft.) at 0° boom angle (no load) 70

Lifting Capacities at Zero Degree Boom Angle
On Rubber - 360°

NOTE: ( ) Boom angles are in degrees.
#LMI operating code. Refer to LMI manual for operating
instructions.

Boom Main Boom Length in Feet
Angle | 33 40 50
o 7,580 | 4850 | 2410
(28.2) | (35) (45)

Lifting Capacities at Zero Degree Boom Angle
On Rubber - Defined Arc Over Front

NOTE: ( ) Reference radii in feet.

RT600E Series

A6-828-100836A

Boom Main Boom Length in Feet
Angle 33 40 50 60 70
e —— s
0° 14,550| 10,050| 6,290 | 4,060 | 2,590
(28.2) (35) (45) (55) (65)

NOTE: () Reference radii in feet. A6-829-100835A

99
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Wm§ DESIGNERS/CONSULTANTS

CALCULATION COVER SHEET

Project: Number of

INEEL V-Tank Remediation Project Sheets:

) /evf <

Site:

INEEL Test Area North, Idaho Falls, Idaho
Calculation Work Order
Number: ABQO8 — CE004 Number: 12393.002.001
Subject: L .

Drum Storage/Water Storage/Decontamination Area Secondary Containment

Requirements

Rev #: Date: Revision: Calculated by: Checked by: Approved:
RAA 60% R. Ederer
RAB 5/31/01 90% B. Keshian B. Keshian
RAC 6/29/01 90% Polish | D. Brennecke B. Keshian B. Keshian
RAD 9/27/01 Draft Final | D. Brennecke B. Keshian Jim Lockhart
g
RAE 10/23/01 Draft Final | D. Brennecke B. Keshian Jim Lockha
Polish } /0

/’ i /4/2}/"/6/‘

LAWPNINEEL Draft Fina\DRAFT FINAL INEEL 10_01\Calculations Draft FinahABQ08-CE004 RAB\ABQDS-CE004 RAE doc



T@N . SHEET & of _¥¢

CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION ‘ TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE | DEPT DATE

roblerrs Statermens:

: : volume
Estirmarte Fhe contarmmen’ Gres reduired Aor
—5—*46‘-‘4-‘;'42 o= comta minated Lou ' ds .
Secondary containment
/Method or Selvkon:

/. &ﬁ?LCleﬂcf +He orea f)cg(:/ea/ 74/- ST I ers
2. O Fermrne Fhe vofe.me peed ‘or f5yr/2¢ Hr
Srerm,
3. 057‘:/‘/77103 VE/rrme OF [@uidS rn cop terners .
4, 055\/'7/) containrment Oerrir wilh ac.nipaory
740 contarn +hHe K2/ e 17722 OF corrtaming e
Jiouwrds & .2.571‘/24 /)r‘., S torom .
£

U rees 2~ //‘) FOCr e E N N

@:sé‘gn Lraewisgs
Design  1ntocrrmarzon “0 1 Bﬂr;‘/fﬁ‘/ /INEEL ord

BB/

NOAA ATLAS 2, Yol | [0Biaals o 75 yr )24 for,
Precip/tatron ;15 Adentls o I I EH
TE-55

Al S5 erpmptrons
[4

7= 79

S = 22

O (P-0.75)?
(P+0B88)

RFW 10-05-003/A-5/85
512.5643
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DETERMINATION OF WATER SouvrcEs

Item Value Units -~
Sources of water
V-1 1164 gallons
V-2 1076 galions
V-3 7648 gallons
V-9 70 gallons
Decon 2000 gallons
Runoff 15000 gallons
Rinse 500 gallons

Total water volume 27458 galions



MANAGERS :\T ® SHEET l{‘ of 9

DESIGNERS ‘CONSUL TANTS

CLIENT/SUBJECT W.0. NO.

TASK DESCRIPTION ' TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT _______ DATE

METHOD REV. BY DEPT . DATE______ | DEPT DATE

Hssemprtions. Cor'#

° gom-fa/n 700 Yp volume OF The lar est container or
109 of ofal stevase volume plis poleme
of 25 YR 24 HR storm per o cFR zu4. 17563

* Jotal aﬁraﬁc Volume ;

Ioecon, Runoff @inse , Tank water 7 20,000 GALLONS

> Largest container will be /0,000 gaL water t2nk
(/2’¢ X /¢’ Hie H ) Areqg re7ld =Tr‘2 =113 SF/rA'Jt

s ESTIMATED AREA OF CONTAINMENT ALER FRoM DRAWINGS

*6,00051'-' X M & = 0.000 215 m. &

(5280 FI/m )*

RFW 10-05-003/A-5/85
512-5643
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MANAGERS DESIGNERS CONSULTANTS SHEET—b - of

CLIENT/SUBJECT

W.0. NO.

TASK DESCRIPTION TASK NO.

PREPARED BY DEPT DATE APPROVED BY

MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPT DATE
gé feis /o frons

\/d/um(_ OF 5749/-mwa o — f?om k)lﬂvuln contarnment aréq,

(/c ﬁ* /4/77-\1 5’3-!33.

A T

/qm = arga 1/" Vool z
o= (Bo-0zd)
(P« 0.85')

Sz oo - 0 =5 S =poo_ . Zgo
A/ 77
fg 2.0

47: 0'522 ’7

V = 0,522 x 0. 000215 mi* X 53.2%

—

= O. 005985 p4c-Fr x 43 S5p0sF - 260.7 cF

Ac
= 2“: 7 CFX 7: *8 i&
cF

= 1950 caL <—

stocage Volurne Reg'd

= Tank. 725 Ye Z4 HR <rppMm
= )0, 000 gAL T 1950 sl

= 1,950 G AL =——

RFW 10-05-003/A-5/85
512-5643



Oct-23-01 01:54pm From-Roy F. Weston, |
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9702587100
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SHEET o of.g___
W.0. NO.

TASK DESCRIPTION [l CALCUATE sr2e _oF DRrum SPvesce AR5 TASK NO.

PREPARED BY D8
MATH CHECK BY

METHOD REV. BY

DEPT

DEPT
DEPT

DATE
DATE
DATE

APPROVED BY

79 or

DEPT DATE
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CALCULATION COVER SHEET

L
mgmmm.m

Project: Number of
INEEL V-Tank Remediation Project Sheets: ,
o 1 06«)
Site:
Calculation Work Order
Number: ABQO9 - CE005 Number: 12393.002.001
Subject: N
HIC Storage/Drum Filling Staging Area Secondary Containment Requirements
Date: Revision: Calculated by: Checked by: Approved:
RAA 60% R. Ederer
RAB 5/7/01 90% R. Ederer B. Keshian B. Keshian
RAC 6/29/01 80% Polish | D. Brennecke B. Keshian B. Keshian
RAD 9/27/01 Draft Final D. Brennecke B. Keshian Jim Lockhart
RAE 10/23/01 Draft Final | D. Brennecke B. Keshian Jlm Lock
Polish /

. / =

LAWPANEEL Draft Fina\DRAFT FiNAL INEEL 10_01\Calculations Oraft FinahABQQS-CEQ08 RAE\VABQO9-CEQ05 RAE.doc



DESIHERS COMSILTAKTS
CLIENT/SUBJECT — — W.0. NO.
TASK DESCRIPTION TASK NO. .
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE
DATE

METHOD REV BY DEPT DATE DEPT

Pr-oblcm 5f’d.f'€m€n+

éﬁﬁfﬁﬁi e Esf:mafe ....... '31_3_.._.4...5,660:4461 /2Con+amm"’ﬁ» |
e : ;_=___u§,,-¢d _______ steragqe. qrea andl
. ?he. l,ul'\cd {—w Hle and clvum

:z :SDO 5r— x m' o, oooz?‘:‘; Vel

[52&0 1:+)7’
‘ __Corn‘*a:r) /00% t/o/umc orf 1%5 (arqc.s/' com‘«mar
- or 1070 ok %m‘—al sf'vch volume plus volume
' § 2’5 Ya 24 HR. :ifbrm pcr 40 CFR 20:'4 /7>63

. ‘Lar csf' cor)ﬁuncr l«)/ll be_ 5Lud c /7‘{(, R

Y w’ces amd Z?c Fcrc nces

Deeu:,n 'memqs R T
'Duravl—alg PFOGWC\L ln{w maxf‘?M o
NOAA Precipitahm atlas (25 o/ 24 h‘fﬂ
| Barﬂel‘f‘ Serwcc.s ) AnL ’Derosmrs

RFW 10-05-003:A-5:85
£12-3643




SHEET__E_ of __5__

CLIENT/SUBJECT — _ W.0. NO..
TASK DESCRIPTION TASK NO.

PREPARED BY DEPT DATE ______ APPROVED BY
MATH CHECK BY DEPT DATE
METHOD REV. BY DEPT DATE

C‘a/cma-fwns

DATE

DEPT

. s’mraqe \[OLumc ,f Q l'HC k éOb qa/s/huc, = 72‘-lt> qal

Con'/’&mmcn'l vowmc -10% % 72.‘\‘6 ?a! ’725 qa/é &ob Sgal

]

g us@ 805 ﬁ“

v & x AM,‘: 53, ?;3/%7 Area i (miles)?

;gu, .S :;zk;agmgm;g“'  Am= g 000125m;*
 Pezzo

S 5 T
N O:(stozs‘) S
o | f'-'_ 0 ‘:2.2
. tProest) i
\/ 0.5272 % 0.000/25 * 53 N

0 00 9!*8 4& FT- x 43 560 5F_

15’1&!—)«

1337 qai

m’l—-’

RFW 10-05-002:A-585
512:5843
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OESIGNERS DONSULTANTS

CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

DATE | DEPT DATE

METHOD REV. BY DEPT

Containment 5"#@3@,, Vol u_mé’ R%‘d

Tank + 25 R 24 MR STORH

. ;8;06’74{:' r 137 gal = 1942 qal -=—

)"/&lth of 5crm Re?’d
| A'%.“m¢ Flat DoHDM as shown 6n dw:,

Berrn MT = /942 64L X_|_ X SE_ = 0,07 12Y¢f
2500 F 7.1

= 089" e

———————
—————

0.7 "< 12" BERM HEIGHT .. OKS

RFW 10-05-003/A-5/85
512-5643



DETERMINATION OF SLUDGE HIC STORAGE AREA REQUIRED
item Units
Tank diameter 10 feet
Tank length 19.3 feet
Siudge solid fraction 0.65
Tank/sludge
V-1 520 gallons 63 cubic feet ' 100
V-2 520 gallons 69 cubic feet ~
V-3 653 galions 87 cubic feet
V-3 250 gailons 33 cubic feet
Total 1843 gallons ' 258 cubic feet
HIC capacity 54 cubic feet (CNS! PL8-120 FP/FEDX at 55% capacity)
Number of HICs 8 (One HIC needed for water palishing; sludges within
individual tanks will not be mixed)
HIC's diameter 5 feet (CNSI PL8-120 FP/FEDX)
Shieid diameter 9.5 feet
Reguired area/each 156 sguare feet
Added logistics area 30%

~4rea for HICS

rea for HIC-drum TX

Total area required
for sludge HIC/Drum
Filling

1625 square feet .
1625 square feet

3250 square feet
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@Duratek

¥,

A P L .- Table 3 e i ST o ,
o o - - Duratek Polyethylene HICs. Dimensions.and Voiumes = - T
m

Empty Size/Type Internal
Poiyethyiene HICs Weight Height Diameter Usable Yol. Disposal
. {Lbs.) (In.) (in.) (eu ft.) Volume
PL6-80 MT 500 56.5 57 733 §3.4
PL6-80 MTIF 525 56.5 57 64.1 83.4
PL5-80 FR 550 56.5 57 73.3 834
PL6-80 FP/FEDX 625 56.3 57 733 83.4
PLE-120 MT 600 735 60 107.6 1203
PLE-120 MTIF 625 73.5 ) 60 958 1203
PLE-120 FR . ‘ 6350 73.5 60 107.6 120.3
——=='| PL3-120 FP/FEDX 725 735 60 107.6 1203
PL14-170 MT 800 | 715 72.5 | 1503 | 170.3
PL14-170 MTIF 850 7.5 72.3 1349 170.8
PL14-170 FR 850 713 725 150.3 [70.8
PLI14-170 FP/FEDX 1,000 7.5 72.5 1503 170.8
PLI4-195 MT 8% 78 74 171.4 £94.1
PL14-195 MTIF . %00 78 74 154.6 194.1
PL14-195FR 900 78 74 1714 194.1
P1L14-195 FP/FEDX 1,050 78 74 171.4 194.1
PL14-215 MT 1,200 78375 76 189.2 2058 i
PL14-215 MTIF 1,250 78.375 ) 1717 205.8
PL14-215 FR 1,250 78.375 76 189.2 205.8
PL14-215 FP/FEDX {,400 78375 76 ©189.2 2058
PL21-300 MT ) 1,100 108 80 285.1 3142
PL21-300 MTIF 1,175 108 80 262.1 3142
PL21-300 FR 1,150 108 80 285.1 3142
PL21-300 FP/FEDX 1350 108 80 283.1 3142 :
-3.

(LLRW Container Description)
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MANAGERS § DESIGNERS/CONSULTANTS

CALCULATION COVER SHEET

Project: Number of
INEEL V-Tank Remediation Project Sheets:
1 0of 33
Site: Test Area North, Idaho Falls, Idaho
Calculation Work Order
Number: ABQ10-CEQ06 Number: 12393.002.001
Subject:
Storm Water Hydrology
Rev #: Date: Revision: Calcuiated by: Checked: Approved:
RAA 5/15/01 90% Chris Ehrsam Berg Keshian B. Keshian
RAB 6/27/01 90% Polish D. Brennecke B. Keshian B. Keshian A
RAC 9/27/01 Draft Final D. Brennecke B. Keshian > " Z
[ X7 T
1

Q:A\WPANEEL Draft Final\Calculations Draft FinahABQ10-CE006 RAC\VABQ10-CE006 RAC.doc
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Problem Statement:

Determine on-site storm water volumes that must be retained and size off-site storm water run-on control
features.

Method of Solution:

Urban Hydrology for Small Watersheds, TR-55
Haestad Methods — Flowmaster Software

Assumptions:

Soil type is the same throughout the site

Soil Hydrological Group is B

Storm water runoff in the HIC/Drum Filling Area will be contain within its boundary by a berm.

Storm water runoff in the Liquid Waste Storage Area will be contain within its’ boundary by a berm.

The existing system carrying Storm water runoff from Basins 1 and 2 have the capacity to accept the flows.

Sources of Formulas and References:

INEEL/BBWI Drawings

Urban Hydrology for Smali Watersheds, TR-55

NOAA Atlas 2, Volume V, Isopluvials of 2yr./24 hr. Precipitation
Site Photographs

Information gathered from Site Visit

Survey provided by INEEL

Cailculation:

See Attachments

Discussion:

Six Basins were used to develop the storm water analysis for this site (see attached Basin Map). A 2yr/24hr
storm was used to calculate the storm water volume and flow rate for each basin. All storm water will be kept
on site. Offsite flows are diverted by the proposed V-ditches and discharge into existing systems. The new
21” corrugated metal pipe culvert replacing the 8” and 15” pipe culverts crossing the site exceeds the capacity
of the existing culverts.

Storm water runoff from roof 616 will be captured in rain gutters and discharged offsite.

Summary:

Basin Number | Peak Discharge (CFS) | Storm water Volume (CF)
1 0.027 116.2

2 0.043 185.8

3 0.123 299.7

4 0.065 200

5 0.06 149

6 0.280 694

QAWPANEEL Draft Final\Calculations Draft FinahABQ10-CE006 RACVABQ10-CE006 RAC doc
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V-Ditch at East Boundary:
A one-foot deep v-ditch instalied at 1% grade will adequately handle peak discharge rates for Basins 1 and 2.

21” CMP:
Pipe can handle 7.0 cfs at 0.67% grade. Pipe can handle a drainage area of 5 acres if a 100-year 24-hour
storm occurred. Pipe can handle a drainage area of 75 acres if a 2-year 24-hour storm occurred. Mapping

was not available to determine actual size of drainage area but field inspection indicates that drainage area is
less than 5 acres; therefore, 21" CMP should be more than adequate.

Q:\WPMNEEL Draft Final\Calculations Draft Fina\ABQ10-CE006 RACVABQ10-CE006 RAC.doc
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Worksheet 2: Runoff curve number and runoff

Project . | By Date )
lrnecl- Y fonis /Z:fnfdrﬁf\&n 4 ENhrsam- ‘{/"7‘5/3/
Location {Checked Date
/d/&/za Fals ; /dabo

Check one: DPresem %eloped

R )

B8AS/~ /]

o

Sol Ef’fe Cover dsaptbn CN" Area P";‘:‘Ct
a
hydréogc CN xarea
graip ™ 2 i [Eéres
(coer ype, teatmeh ard hydrobgccandtion; pecert PN ® 2 iOom?
(apperdi A) imperios; unomeded/conatedmpeviass Fea ratip 3| 2 2 1l0%
£ jrmfe/, natural/ Grazz ‘]j L2 22.99
Y Use alyoneCN sotce pelire Totals ’ 24) 22.95
CN(weigh®) = totalproduct - 22.99 = 79 ST
’ se CN
totalarea . 291 » 77
Stom # Stom £ Stom 8
FraqUeCy ..coceecveeerieeimecreeemeeee s w Z
Ranfdl, P (24h0U) o.ovvvvvrorerrrere.n in /] Seg r?? 74 /31,
Rumf, Q s in o. /50/

(Use BNdCN with tabl1, figure2-1, or
equaiors 2-3 ad 2-34

S = sooo _
/0 = Z. L b0 viTR 55, Second Ed., June 1986)
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Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

Project By Date
/nee/ - V. Fanks 0. Ehrsam S/28 Jo
Location Checked Date
i /da o FQ//-S, /a/& /Do

Check one: L] Present (3 Geveloped

Check one: [E{ D Ttthr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

T BN, BT T T NN S & TT =

3:. s
Segment ID /
1. Surface description (table 3-1) ....cccoeevvieevcricieeeeenn. anave lbore 2}«
2. Manning’s roughness coefficient, n (table 3-1) .......... .o/
3. Flow length, L (total L+ 300 ft) .....cccccovumrrecneennrennnes ft roo
4. Two-year 24-hour rainfall, Py .........ccovveerivreercenennn. in /o !
5. Land SIOPE, S woooveeeeeceeeeeececee e ceeees oo enen e ft/ft . /33 l
s 017
6. Tt - 0.007 (nL) 08 Compute T( ......... hr ole ] +
Segment ID
7. Surface description (paved or unpaved) .....................
Flowlength, L ....cccooiiiiiiiiicrteeneeree e iraee e, ft
9. Watercourse slope, S .....ccoivvveeiveseoniereecneeeenenenens futt
10. Average velocity, V (figure 3-1)
M. Tp=__ L
3600 V
M e e AL
FChigHi s

12. Cross sectional flow area, @ .....cccccoeeeveeereeeennnn. ft2

13. Wetted perimeter, Py -....cccoeeveeemreenneeieeciee e, ft

14. Hydraulic radius, r= 2 Compute r .........occeerrnnnee ft

15 Channel siope, s ...... pw ........................................... fuft

16. Manning’s roughness coefficient, n ..........c.ccc..coc........

17. v=_149r2B512 Compute V

18, FIOWABNGHN, L oo fi

19. Tj;=__L Compute Ty .....oounn. hr | + | =

20. Watersr?giogrvsubarea TeorTy(add Tyin steps 6, 11,800 19) ..o, Hr{./2

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project By Date
Location Checked Date
Check one: D Present %veloped
1. Data
Drainage area .......ccooeeeeeeeveeeeeeereenereennns Ap=_0 0025  mi (acres/640)
Runoff curve number ................cccoeveeiel CN=__ 79 (From worksheet 2)
Time of concentration .......c.....c..oveveeeeeceencen, Te= e /0 hr (From worksheet 3}
Rainfall distribution ............coooovvoeoevvoeeeo = / (0, 1A, 11 1)
Pond and swamp areas sprea
throughout watershed ..........cc.oeeevvieeeveeeeene. = (4] percent of Ap ( acres or mi? covered)
Storm #1 | Storm #2 | Storm #3
2. Freduency .................................................................................... yr A
3. Rainfall, P (24-hOUF) oot e in /|
4. W02l ADSHUBLHON, 1 <.oorevreoeeeeeeeeree oo eessees e in |0:53¢2
{Use CN with table 4-1)
5. COMPULE 137/ P .ocoeieiectei e eas st et reen ¢ 5
6. Unit peak diSCharge, Gy ........ccoverrmnereenrcenieereesveensnssesssecen, esmin | D45
(Use T and I3 /P with exhibit4— /] )
T RUNOM, Q ottt e et ee s eree e eeeaen in| /9
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fry ....ccc.ooceceeciicecvicece e o
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak discharge, qp ...........cccooeerrirrcvvnens e ft3s|- 027
( Where Oy = unQFp )
\/r_ = Q% Am« 5333 =0.0c027 Ac-FT

/6. 15 CF

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff

Project

equdiors 2-3 ad 2-4

(Use BNdCN with tabi21, figure2-1, or

By Date
Location Checked Date
Check one: D Present - Developed Sas Z
“1. Runoff.curve number’ "0 T T S
Sol rane Cover dsaipton cNY Area | Proauct
ard of
hydréodc CN xarea
graip o~ 2 I | AHacres
(coer tpe, teatmen ard hylrobgccandtion; pecert P o 2 Om?2
(aperdicA) imperios; unomeded/conectedmpevias aea ratip 2 2| 2low
D gravel, sendl, < ‘50/’\3"'955 79 S052| 39.9/
Y use oyoneCN soice peline
Totals . LS25 | 39.9/
' - totalproduct - J97.9/ - .79 .
CN(weights) P ' UseCNEp | 77
totalarea , 505

SEE /7 24 /52

(210-VI-TR-55, Second Ed., June 1986)

7 of 32
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Worksheet 3: Time of Concentration (T¢) or travel time (T¢)
Project By Date

Location i Checked Date

Check one: D Present D Developed

Check one: [ Te [ Tythr ough subarea

Notes: Space for as many as two segments per fiow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

Segment ID /
1. Surface description (table 3-1) ..........cccoomniiniiiiens qrave! /5&/ d
2. Manning's roughness coefficient, n (table 3-1) .......... VJ o/ ;
3. Fiow length, L (totalL $ 300 ft) .....ccoooovvreicerrecnn ft 7.5
4. Two-year 24-hour rainfall, P, SRR | /7
5. Land SIOPE, S .ooverreeeeereieceereae e ease b fi/ft /373
6. Ty=_0.007 (nl) oe Compute Tt ......... hr O/ b J + [ 076
P, 05 g04 e T =
Segment ID
7. Suriace description {paved or unpaved) ....................
8. Flowlength, L ... cnecnnaeeees ft
9. Watercourse slope, S .c.ocvcciierierreiee e e fi/tt
10. Average velocity, V (figure 3-1) ........ocovoivennnenn. ft/s
1M1, Ty=__ L
3600 V

‘55:&2“) ‘ig—%&‘j : i‘—‘—éﬁ:}'& ‘-:L’ SLE

12. Cross sectional flow area, @ ........cooveeeevecneeeeenn. 2

13. Wetted perimeter, Pw ....cccoeevreeeieenneiecees e ft

14. Hydraulic radius, r= 2 Compute r ....ooooeeeeevnrineeee ft

15 Channel slope, s ...... p Y eeeeeeteeeee e e fut

16. Manning's roughness coefficient,n ..........................

17. v=_149r2Rs 2 Compute V ................ ft/s

18. Flowtength, Ln .......................................................... ft

19. Tg=__ L Compute Ty ..o hr ] + | =

20. Watersr?gc?grvsubarea TeorTi(add Tyinsteps 6, 11, 8nd 19) ..o Hri. /0

{210-VI-TR-55, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

qQ of %2

Project By Date
Location Checked Date

Check one: D Present D Developed
1. Data

Drainage area ........o.oooeeeereemeeeenesernesenans Ap=_0.8BD0%  mi (acres/640)

Runoff curve number ...........cccoevevieeieeeennen. CN = 74 (From worksheet 2)

Time of concentration ...........cccccovvvieereennenn. Te= 10 hr {From worksheet 3)

Rainfall distribution ...........c.cooiiiiiincecee = /" {1, 1A, 11 11i)

Pond and swamp areas sprea

throughout watershed ..........c..cccceeveveeeecnnna. = 0 percent of A, ( acres or mi2 covered)

Storm #1 | Storm #2 | Storm #3
2LUFTEQUENCY cevemoeeeremeconeiesessseesaesesaneeneeeeevese et sseesemssseseoearssrasssenase yr 2
3. Raintall, P (24-00Ur) oot e sn e eesranas in {1
4. 10itia] ADSHACHON, Ly +...v.vreeerveoeeseeeeessersmeeerseseesssssne oo in (0:53¢
(Use CN with table 4-1)
5.ComMPULE 37/ P e e s 50
6. Unit peak discharge, g ......ccccoomminiinninc e csm/in 550
(Use T and I3 /P with exhibit 4 )
7. RUNOM, Q ottt e b esm et e et e e e et em s in [’ /9
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fp ........................................... o
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak discharge, G croevemsasree s e s 35| » 0434

(Where q, = q,A,QF )

(210-VI-TR-55, Second Ed., June 1986)




Worksheet 2: Runoff curve number and runoff

D Present D Developed
“1. Runoff cufve number " i L

PAS /a3

Project By Date
Location Checked Date
Check one:

ecudiors 2-3 ad 2-3

Sol rane Cover dsapton cNY Area | Prodct
ard of
hydréoge CN xarea
graip o | 2| 3 |t
{coer ype, teatmet, ard hyrobgccondtion; pecert - @ 2 1oOm?
(appendik A} imperiows; unomeded/coanetedmpeviais aea ratid g ué_a 2 lo%
=1 A/Ca//y Graoded a7/ S8 /5.35
[
Y use agoneCN sowe peline Totals '
' - totalproduct _— .
CN(Welght&) = p = ; USE CN ’ Q/
totalarea
Stom # Stom £ Stamn 8
FraquanCy ...cccoeeeeeveicvieeieccrcmeceeeneenee yr 7 o
Ranfdl, P (24h0U) ......oerererererenne. in | /. SEE /g 414751_,
Rumf,Q e in L 43
(Use RNACN with tabR1, figire2-1, or

D-2

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

[l oF %2

Project By Date

Location Checked Date

Check one: D Present D Developed

Check one: DTC D Tithr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

FEEN T RN = 43 o >3 T

Segment ID
1. Surface description (table 3-1) ......cccoooovvvieereene. Flat
2. Manning’s roughness coefficient, n (table 3-1) .......... .o/
3. Flow length, L (total L1 300 ) ....cooereereeeeeeeeennn. ft 2
4. Two-year 24-hour rainfall, Py ..o in /!
5. Land SIOPE, S ..ccceevreerureretitereeeeeee et fi/ft o
6. T =_0.007 (nl) 08 Compute Tt ......... hr i J + l

P, 05 504

Segment ID
7. Surtace description (paved or unpaved) .....................
Flow length, L ..o ft
9. Watercourse slope, S .c..ccciveveeeeeevencrecreveeesneans fuAt
10. Average velocity, V (figure 3-1) ..........cccceeeennnn. fi/s
1. Ty=_ L Compute Tt ........... hr J + l =[ I
3600 V

Rl
R I A1

12. Cross sectional flow area, @ .........cccovverneeenrnnnne.. ft2

13. Wetted perimeter, Pw wc.cooveeeeeereveceieeeeeeesreee ft

14. Hydraulic radius, r= 2 Computer .........ccccceueneen. ft

15 Channel slope, s ...... p Y eeeeeeeessaesseeseseess e ft/ft

16. Manning’s roughness coefficient, n .............cc.oco.o.....

17. v=__149r2Bs12 Compute V ............... ft/s

18. FIOWARNGIN, L oerer oo ft

19. =Lt Compute Ty ...ooocoeeees hr ] + I =
20. Waterst?gdogrvsubarea TcorTi(add Tyinsteps 6, 11, and 19) ..o Hr

+ /O

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method
Project . By Date
Location Checked Date
Check one: D Present D Developed
1. Data
Drainage area ..........cccccecevveeeveeeeeeennnenns Aq=__- O0OC S mi? (acres/640)
Runoff curve number ...........cccoeeiieervenne. CN= 9\ (From worksheet 2)
Time of concentration ............cccovvevceencennene Te= e hr (From worksheet 3)
Rainfall distribution ...............ccceceueuvereevenecnee. = 8 (1, 1A, 11l
Pond and swamp areas sprea
throughout watershed ............cccoeveeeiiennennnee. = o percent of A, ( acres or mi2 covered)
Storm #1 | Storm #2 | Storm #3
2. Fréquency .................................................................................... yr L
3. RaINAN, P (24-00UT) <o eeeeeeeceretereeete st sre s saeesssseenevens in Voo
4. INitial ADSHACHON, lg v.eereereenreereeusertreesresseeasseesenesseraesesesscesenaeens in (0. 195
{Use CN with table 4-1)
5.CoMPULE I3/ P oot Nt
6. Unit peak diSCharge, Gy «..--reeeererreerreceececmrererasmsesesoesscncas csmin | 450
(Use T and I /P with exhibit4— {1 )
7. RUNOS, Q ottt e e st e re v areee s in | 4>
(From worksheet 2) Figure 2-6
. (@)
8. Pond and swamp adjustment factor, Fp ...........................................
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak diSCharge, Qp ........cccueemsrrvemmsensemiriscns s ft¥s| . 1226
(Where Gp =9, AL QFp)
\fr = Q'& Am-&ké’b.%% = 00D mc - g7

294. 1ce

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff

Project

§
!

Date

Location

| Checked

Date

Check one: E] Present D Developed 5,9_5 IN ‘/
1. Runoff curve number ™" T e e
Sol rane Cover dseiptbn cNY Area | Prodict
ard of
hydréogc CNarea
graip o z E Q—at’rés
{coer {pe, teatmety ard hyrobgccandtion; pecert P @ 2 | Om?
{apperdix A) imperiows; unomeded/conatedmpevias aea ratip :é :f_» ;-_ﬂ 0%
& Wewty graded areas 7/ . Jos8| 926
—t —
Y yUse alyoneCN sotce peline
Totals W |. /p7| 9. 26
CN(weighw) = totalproduct - 7.Z6 = 9/ . UseCNIp G/
totalarea . /7072

Stam 2

Stam #
Frajuency ..ot yr 4 o,
Ranfdl, P (24h0U) .....ocemereerrennean. in /. ] Sea /7’ 2 /32_
Rumf, Q ..o in o, L/joz/
(Use BNdCN with tab21, figure2-1, or
equdiors 2-3 ad 2-%
5=0.99

(210-VI-TR-55, Second Ed., June 1986)
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12. Cross sectional flow area, 8 ........cccooeeeveeevenennn... ft2

13. Wetted perimeter, pw ....ccccovcvieieecieieeneinieeeveeen. ft

14. Hydraulic radius, r= 2 Computer ...........ccoee. f
' 15 Channel slope, s ...... pw ........................................... ft/it

roject By ! Date
|

Location Checked Date

Check one D Present mveloped

/Q{C D Tithr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or descripticn of flow segments.

Check one:

3. Fiow length, L (total L+ 300 ) «.v.eoceeerererrerrree. ft o
4. Two-year 24-hour rainfall, Py .........coocoevrerrerroee... in /!
5. Land sI0pe, S .o.oeooeveerrennen. ettt fUft o

Segment ID
7. Surface description (paved or unpaved) .....................
8. Flowlength, L ... ft
9. Watercourse Slope, S .....ccoccocrvierrrcnriniine s fi/ft
10. Average velocity, V (figure 3-1) ......ccceeviveierennenne ft/s
11. Ty= L Compute Tt ........... hr

16. Manning's roughness coefficient, n
149 r&3g 12

17. V=

18. Flowtength, L

19. Ty=

Compute V ...............[tUs

n
.......................................................... ft
- E— Compute Ty ........... hr

|

mfnrz:c o,/ 0

(210-VI-TR-65, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project By i Date
Location Checked Date
Check one: D Present D Developed
1. Data
Drainage area .........occcooovvoveeeiieiea Ap=_1¢02 2 mi? (acres/640)
Runoff curve number ........cooocooeivviie CN = ﬁ | (From worksheet 2)
Time of concentration ............c..coccoeevvvnnnn. Te= v 1@ hr (From worksheet 3)
1
Rainfall distribution ................coooeevvieeveenen.. = (1, 1A, 11 11)
Pond and swamp areas sprea
throughout watershed ..........c.ccoveeveeeceeeennn. = L percent of A ( acres or mi2 covered)
Storm #1 | Storm #2 | Storm #3
2 FTQUENCY ...t yr 2
3. Rainfall, P (24-N0UF) ...coooooooeeeeeeeeeeeeeee e in N
4. Initial abStraction, Ig ........ccoceiveineeerieeecee e in [©'1%
(Use CN with table 4-1)
S.C0MPULE 5/P oottt .22 5
6. Unit peak discharge, G, .....coceereemereiucee e, csm/in ’]; o
(Use T¢ and I /P with exhibit 4— )
7o RUNOM, Q e inl 4%
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fp, ......co.oooomereeviereorer %
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak discharge, Gp . ........ooovuumieviireec s fi3s| L OL>
(Where q, = q, A, QF,)
19,

\jT=Q'Am'

Volume o2 Rongo=e Ve -

5%, 3732 =
200 cx»

0O04™S AL T
\/.— =

i

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff

Sol ranme

Project ' By Date
i
Location {Checked Date
{
|
Check one: D Present D Developed 5 AS /A7 S

Prodict

Frequency

Ranfdl, P (24hou)

(Use BNdCN with tabR1, figire2-1, or

equdiors 2-3 ad 2-3

v
Cover dsgipton CN Area
ard of
hydréoge CNarea
graup o iy b cres
{coer ype, teatmen ard hyirobgccandtion; pecent %S ® e om?
(aperdix A) imperiows; unomeded/conatedmpeviais aea ratip E E» 2 g%
I grade! 77/ 0981 ®.97
Y g rave! Json o 79 045l 3.7¢
Y Use olyoneCN sotce peline
Totals W |, /¢ | /2.7
' - totalproduct _ , = 870
CN(weighta) = p = /2.7/ = 8705 Use CNIp | &7
totalarea L /b

Stom # Stam # Stam 8
...................... . 2 .
7
...................... in | /! S€e 4 24/3L
..................... in Y

= /. 94943

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

(7 of 22

Project

By

Date

Loeation

Checked

Date

Check one: D Present D Developed

Check one: D Te D Tithr ough subarea

Notes: Space for as many as two segments per flow type can be used for each worksheet.
Include a map, schematic, or description of flow segments.

1. Surface description (table 3-1) ...... GG .

2. Manning's roughness coefficient, i {table 3-1) ..........

3. Fiow iength, L (total L + 300 ft) .......cocovviimerinerinnnne ft

4. Two-year 24-hour rainfall, P, ..., in

5. Land SIOPe, S .ovceciiirirecitteeie et it

6. T=_0007 () 08 Compute Tt ......... hr
P, 0.5504

Segment ID
7. Surface description (paved of unpaved) .....................
8. Flowlength, L ..o ft
9. Watercourse Slope, S ....c.ccccccinrerrimrieenreeecerernnnns futt
10. Average velocity, V (figure 3-1) ....ccccovvvivecinnnnnnnn. fvs
1. Ty= L Compute Tt ........... hr

12. Cross sectional flow area, a ............... e ft2

13. Wetted perimeter, Pw «....cccoeceeeneeeccecrree e, ft

14. Hydraulic radius, r= 2 Compute r ...ooevveereeenns ft
15 Channel slope, s ...... pw ........................................... fuft
16. Manning's roughness coefficient, n .............ccceeceeneane
17. v=__149r238g 2 Compute V ................ ft/s
18. Flowtength, Ln .......................................................... ft
19 Ty=___L Compute Ty .............. hr

drg d=3 —

J
NoNai

] +1

/77/.17 T,(,

= (£, /0
‘.

3600 V )
20. Watershed or subarea T, or Ty (add Ty in steps 6, 11, and 19)

0.0

(210-VI-TR-65, Second Ed., June 1986)



k Discharge method

Worksheet 4: Graphical Pea

Project By Date

Location Checked Date
Check one: D Present meloped

1. Data

Drainage area

Runoff curve number

Time

Rainfail distribution

Pond

throughout watershed

2. Fréquency

3. Raintfall, P (24-hour)

4. Initial abstraction, 1,
{Use CN with table 4-1)

5. Compute I5/P

6. Unit peak discharge, q,,

of concentration .......ccceeeeeeeveeeee,

and swamp areas sprea

A= 1+ O0022%
m

cn-_ £

mi2 (acres/640)

(From worksheet 2)

hr (From worksheet 3)

Te= 0. 10
= 1!
- o

(Use T¢ and I /P with exhibit 4~ )

7. Runoff, Q
(From worksheet 2) Figure 2-6

8. Pond and swamp adjustment factor, Fp
(Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
Zero percent pond ans swamp area.)

9. Peak discharge, 9p

(Where q, = q,A,,QF )

Volomea oF Runcer Vi
N R ¥ Arns 55.2D 22,0034 Ac. BT

142 ce

{1, 1A, 11 1)

= percent of Apy, (

acres or mi¢ covered)

Storm #1 | Storm #2 | Storm #3
z
.................................................................... in /-1
..................................................................... in { ' 24
-0
................................. csm/in 40
2% 1
........................................... 0
..................................................................... ft3/s]| » OC

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff
Project By

Date

Location Checked Date

Checkone: [ present E{eveloped 8;95 I &
1. Runoff curve number *~ 0

. _1/ - |
Sol rame Cover dseipton CN Area | Prodict
ard of
hydréogdc CN rarea
graup o @ h Jzéres
(coer {pe, teatmen ard hydrobgccandton; pecent S o 2 om?
(aperdixA) imperiows; unomeded/conetedmpeviais aea ratid 5 & B o
ey i c 0%
5 /(é/u’/}/ T e ge 653 | 55,757
N
Favest [ipFs 98 L0701 (.933

Y yse olyoneCN sotce peline

Totals W |. 75| ¢5.677

. - t t _ L - . 6" - -
totalarea . 754

- 2. Runoff

Ranfdl, P (24h0U) .....vvceeveeereeesrnnnene in | /. / SEE /g 242/57_,

RUDE, Q ... in 0.78

(Use BNACN with tabR1, figire2-1, or
equdiors 2-3 ad 2-4

S= 1. 4943

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

Project By Date
Loicratioin' o Checked lDate

Segment ID /L <
1. Surface description (table 3-1) j/‘ﬁVCJ Arades Qrade |
-~ <
2. Manning's roughness coefficient, n (table 3-1) .......... e O/ WoR i
3. Fiow length, L (total L+ 300 fl) .....cooeeveeverenrnnns I ft /20 /70
4. Two-year 24-hour rainfatl, Py .........coocerceeveeemmmmrs in [/ [

Segment 1D
7. Surface description (paved or unpaved) ..........c.........
8. Flow length, L .o.ccooeieiirieitreciececccirenee e ane s ft
9. Watercourse slope, S ...cccceveveiceiiecceeeaer e fit
10. Average velocity, V (figure 3-1}
1. Ty=__ L

\*'“\"?uf
S Siad iy
SoREREd ,mé%%'&'

12. Cross sectional flow area, a .....ooooeveeveenerccenvccncn ft2

13. Wetted perimeter, Py .ccccooovvrveieiiinic i ft

14. Hydraulic radius, r= 2 Computer .......ccooveveennes ft

15 Channeil slope, s ...... p et eeer e ene s, ft/ft

16. Manning's roughness coefficient, n ... !
17. v=_ 149123512 Compute V ................ f's |

18. Flowtength, Ln .......................................................... # |
19. Tyg=__ L Compute Ty ....ccovenee. hr J + L J =

3600V
20. Watershed or subarea T or Ty (add Tyin steps 6, 11, and 19) ......ocoorinicecnicneniicnicccnnnnecens HF 010

(210-VI-TR-65, Second Ed., June 1986)




Worksheet 4: Graphical Peak Discharge method

Project By

‘[Dale

Location Checked

Date

Check one: D Present D Developed

1. Data
Drainage aread .......cccccoocoerervrerirerecucnanns Am=_ CO(0&™ mi? (acres/640)
Runoft curve NUMDBEr ........o.oeveceeeeeeeeeenne. CN = 2=

Time of concentration ............cccovvveevereecn. Te= 1o

Rainfalt distribution - Sl

Pond and swamp areas sprea

(1, 1A, 111)

(From worksheet 2)

hr (From worksheet 3)

throughout watershed ...........cccoccoieeviiiiiieiees = = percent of A, ( acres or mi2 covered)
Storm #1 | Storm #2 | Storm #3
2UFTRGUERNCY weeeveieieeee ot eeetemeteeseeeeacaeeeee e seeess s eessasasanssseeeseninans yr 4
3. RaINfall, P (24-NOUP)  .ooeeeoreeeceee e cee et in oy
4. Initial abstraction, Ig ...l D 2
{Use CN with table 4-1)
5.Compute 15/ P e o 200
6. Unit peak discharge, g, --....coccoovvuceinveioinieccieece csm/in 950
(Use T and 15 /P with exhibit 4~ | )
p 2T A o S in | ©° 2%
(From worksheet 2) Figure 2-6
8. Pond and swamp adjustment factor, Fp ........................................... O
{Use percent pond and swamp area
with table 4-2. Factor is 1.0 for
zero percent pond ans swamp area.)
9. Peak discharge, Qp ..o s LD
( Where q, = q, A, QF,,)

\!o\dme o €onceEr \/*__ =

N = )
4t cp

O . C\ERES &K . &7
&g‘ A *535.272 = 00\5?35 a~l T

(210-VI-TR-55, Second Ed., June 1986)
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. Chapter 4

Graphical Peak Dischage Method

© Technical Release 55
Urban Hydrology for Small Watersheds

Exhibit 4-JI Unit peal discharge (q,) for NRCS (SCS) type I rainfall distribution

[~ O

1000

800 —

600

500 H

400

300

I
(=
(=]
3]

1004
80

(uywso) ("b) abaeyasip yead yun

(210-VI-TR-55, Second Ed.. June 1986)
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Time of concentration (T.): (hours)
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Chapter 4

Graphical Peak Discharge Method

This chapter presents the Graphical Peak Discharge
method for computing peak discharge from rural and
urban areas. The Graphical method was developed
from hydrograph analyses using TR-20, “Computer
Program for Project Formulation—Hydrology™ (SCS
1983). The peak discharge equation used is:

9p = QuAnQFp [eg. 4-1}
where:
gy = peak discharge (ft¥/s)
q,= unit peak discharge (csm/in)
Ap, = 'drainage area (mi?)
Q = runoff (in)
F,= pond and swamp adjustment factor

The input requirements for the Graphical method are
as follows: (1) T, (hr), (2) drainage area (mi?), {3)
appropriate rainfall distribution (I, IA, II, or III), (4) 24-
hour rainfall {in}, and (5) CN. If pond and swamp
areas are spread throughout the watershed and are not
considered in the T, computation, an adjustment for
pond and swamp areas is also needed.

Peak discharge computation

For a selected rainfall frequency, the 24-hour rainfall
(P is obtained from appendix B ar more detailed local
precipitation maps. C/Vand total runoff (() for the
watershed are computed according to the methods
outlined in chapter 2. The CN is used to determine the
initial abstraction (I;) from table 4-1.

1/Pis then computed.

if the computed [ /Pratio is outside the range in
exhibit 4 (4-1, 4-TA, 4-1, and 4-1I1) for the rainfall distri-
bution of interest, then the limiting value should be
used. If the ratio falls between the limiting values, use
linear interpolation. Figure 4-1 illustrates the sensitiv-
ity of I/Pta CNand P.

Peak discharge per square mile per inch of runoff (gu)
is obtained from exhibit 4-1, 4-IA, 4-1I, or 4-1II by using
T, (chapter 3}, rainfall distribution type, and I /Pratio.
The pond and swamp adjustment factor is obtained
from table 4-2 (rounded to the nearest table value).
Use worksheet 4 in appendix D to aid in computing the
pezk discharge using the Graphical method.

Figure 4-1  Variation of I,/Pfor Pand CN
]
1.0
0.84
0.64
=
=
0.4+
0.2
0 ¥ 11
1 3 5 7 s 1 13 15
Rainfall (P}, inches
Table 4-1 1, values for runoff curve numbers
T
Curve I Curve I
number {in) number (in)
40 e 3.000 70 e 0.857
41 ... ... 2.878 3 S, 0.857
42 .. .. 2.762 73 0.817
43 2.651 X ST 0.778
44 ... e 2.545 £ S 0.703
45 ... 2.444 £ 0.667
46 ... 2.348 [ R X . X ¥
47 2.255 T7 e 0,597
48 ... 2.167 78 ........ e D.564
49 2.082 79...... ... 0,532
50 s 2.000 80 e 0.500
123 1322 8l ... v D.469
52 cieeerrierrnmareens 1.846 82 ... .orr 0.439
53 e 1774 - 83... .o 0.410
L2 SRS 1.704 84 ... v 0.381
7 S 1.636 85 ... ... 0.353
56 oreeerncactenemsrns 1.571 86 ... ... 0.328
L (R 1.509 ¥ O 0.299
1. S 1.448 28 ... e 0.273
1 [ ... 1.390 89 s 0.247
60 oo, .. 1.333 L2 0 S D.222
13 Q- .. 1.279 91.... oo 0,108
B2 ceereecercannne 1.2286 B2 s 0.174
83 ... e 1175 93 ... reenenn 0,151
64 ......... e 1125 94 ..o 0128
85 ... - 1077 95 e 0108
66 ..... ... 1.030 96 .....coooceenrrn. 0.083
67 ... ..... 0.985 87 e 0.062
7. S 0.941 98 eeiererereennn 00411
B9 e 0. 899

(210-VI-TR-535, Second Ed., June 1386)
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SHEET ot

GESONEBW\SJW‘

CLIENT/SUBJECT SR W.0.'NO. _

TASK DESCRIPTION ' TASK NO.

PREPAFED BY DEPT DATE ____ APPROVED BY

MATH CHECK BY DEPT _ _ ___ DATE
METHOD REV. BY DEPT DATE DEPT

= - a;,.aﬁ._ "

Ve are

DATE

”%Jrormwa%cw Eur\osv: thovv\ BU\LD\AE{S LS, b\e

Area =or l5d«L:l;N Gt = :2/.;2 s:,: 002D Ac., 4.8495x 107>

Agem roz. Bo\lci\n3 Glo = ‘%,sess,c.a'?ﬁ A, lHzxi0™H

JanN g 92: \mee\rﬂ/sQUS

\1?_ - 0.802 Ao FT. =>a42,97CF, Use m4.oaF

AL
2 0. 00674 me BT =y 29%.57 ce, Use ZA4cE



Basin 1 V-Ditch
Worksheet for Trianguiar Channe}

Project Description

Project File c:\haestad\fmw\vtank.fm2
Worksheet V-ditch at East Boundary
Flow Element Triangular Channel
Method Manning's Formula
Salve For Equal Side Slopes
Input Data

Mannings Coefficient 0.022
Channel Slope 0.010000 fi/ft
Depth 1.00 ft
Discharge 0.03 cfs
Resuits

Left Side Slope 0.048049H : V
Right Side Slope 0.048049H :V
Flow Area 0.05 ft2
Welted Perimeter 2.00 ft

Top Width 0.10 ft
Critical Depth 0.46 ft
Critical Slope 0.682071 ft/ft
Velocity 0.56 ft/s
Velocity Head 0.48e-2 ft
Specific Energy 1.00 ft
Froude Number 0.14

Flow is subcritical.

05/31/01
(8:50:41 PM

Haestad Methods, inc.

37 Brookside Road  Waterbury, CT 06708

(203) 755-1666
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Flowhdaster v5.11



Basin 2 V-Ditch
Worksheet for Trianguiar Channel

Project Description

Project File c:\haestad\fmwivtank.fm2
Worksheet V-ditch at East Boundary
Flow Element Triangular Channel
Method - Manning's Formuia
Solve For Equal Side Slopes
Input Data

Mannings Coefficient 0.022
Channel Slope 0.010000 /it
Depth 1.00 ft
Discharge 0.04 cfs
Resuits

Left Side Slope 0.063802H : V
Right Side Slope 0.063902H :V
Flow Area 0.06 ft2
Wetted Perimeter 2.00 ft
Top Width 0.13 ft
Critical Depth 0.49 ft
Critical Slope 0.441963 fi/ft
Velocity 0.68 fi/s
Velocity Head 0.01 ft
Specific Energy 1.01 ft
Froude Number 0.17

Flow is subcritical.

05/31/01
06:51:28 PM

Haestad Methaods, Inc. 37 Brookside Road Waterbury, CT 06708

{203) 755-1666

20 # 30

FlowMaster v5.11



CLIENT/SUBJECT
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SHEET of

W.0. NO.

WESTEHNE
MANAGERS DESIGHE RS/COMSLL TANTS
TASK DESCRIPTION

TASK NO.

PREPARED BY DEPT DATE

APPROVED BY

MATH CHECK BY DEPT __________DATE

METHOD REV. BY DEPT — . DATE —

/53/75/ zékkﬁﬁ

DATE

DEPT

1O )//“ /Z%ﬁr::/oérm

/éksannc'./ova¢ m4%é§;7;7e</ ;r;w€ €.4, - 2

7 Ac
@44

FIW 10-03-003/A-3/85
19,6547

N

_5149,

.|\

//..4:‘_1.=.3.. N

 TeFs
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